
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

ADB008645

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
only; Test and Evaluation; 21 JAN 1976. Other
requests shall be referred to Arms Control and
Disarmament Agency, 21st and Virginia Avenue,
NW, Washington, DC 20451.

ACDA ltr, 16 Jun 1976







" ■W-'N wmmm "WH 1 

KFR No. 44-75 
October 1975 

I 

ATACM: 

ACDA Tactical Air Campaign Model 

ACDA/PAB-249 

John R. Fish 

Distribution lifted to U.3. Oov't. agetieUl (miff 
Test and  Evaluation;     1     '''   !j/6«    O^er requMt« 
for this doouasnt «ust bo rof»rr»4 tc 

Prepared For 

U.S. Arms Control and Disarmament Agency 
21st and Virginia Avenues, N.W. 

Washington, D.C. 20451 

Prepared By 

Ketron, Inc. 
1400 Wilson Boulevard 

Arlington, Virginia 22209 

i 
• 

^    ■    " ■ -     '^   L -Ufti**. 



|J  .1 WllUlIip«iP^| PPSPIB^^ immim^mi^^m wwv*^mi^*^^m mm« 

1 

PAB-249 

ABSTRACT 

4 
ATACM is a computer model designed and built for the Arms Con- 

trol and Disarmament Agency for use in analyzing the impact of various 
force mixes upon a tactical airwar in Europe between NATO and Warsaw Pact 
forces.   ATACM models an air campaign as a zero-sum staged game and 
employs dynamic programming to solve this game for approximate, optimal 
MAXMIN/MINMAX aircraft allocation strategies for the opposing sides at 
each stage of the campaign.   The model permits multiple aircraft types 
with user-assigned missions, numerical and fractional reinforcements as 
a function of stage, and user selection of the objective function used to 
generate the optimal strategies. 

Descriptions of the problem formulation and the engagement and 
optimization methodologies used to solve it are presented along with a 
user's guide and CDC 6600 FORTRAN listings. 
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INTRODUCTION 

The ACDA Tactical Air Campaign Model (ATACM) is a computer model 
designed and built for the Arms Control and Disarmament Agency (ACDA) for 
use in analyzing the impacts of various Mutual Balanced Force Reduction 
(MBFR) proposals upon a tactical airwar in Europe between NATO and Warsaw 
Pact forces.   The design of ATACM was based upon the findings of a survey 
(Reference 1) of existing tactical air models conducted by KETRON to assess 
the applicability of existing models to ACDA's requirements.   Results of 
the survey indicated the need for a new model incorporating the most desir- 
able features of existing models (e.g., TAC CONTENDER, VECTOR, OPTSA, 
DYGAM) into a rigorous optimization framework allowing more aircraft types 
and a wider selection of aircraft missions. 

As a realization of the survey's recommendations, ATACM models an 
air campaign as a zero-sum staged game between opposing forces and em- 
ploys dynamic programming to solve this game for approximate, optimal 
aircraft allocation strategies for both sides at each stage of the campaign. 
Because of the economies associated with the optimization methodology 
used, ATACM offers many features previously not practical in other optimiz- 
ing models.   Specifically, ATACM permits: 

• as many as four user-defined aircraft types per side and 
as many as eight different missions per aircraft type 

• automatic generation of approximate, optimal, enforceable 
aircraft allocation strategies as a function of stage for any subset of the 
missions for which user-specified fractions are not supplied.   The user may 
specify all, part, or none of the allocation fractions for a given aircraft 
type and the model generates optimal values for those fractions not specified. 

• calculation of firm upper and lower bounds on the objective 
function value associated with the enforceable strategies employed 

• option to use a weighted sum of three different objective 
functions as the criterion for generating the optimal strategies 

• option to individually weight the Blue and Red contributions 
to these objective functions as a function of stage 

• option to specify fractional or numerical reinforcements for 
any aircraft type as a function of stage 

« ■■■■>!       ' 
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Following sections present a description of how the problem of 
tactical air warfare is formulated in ATACM, a description of the attrition 
relationships used to evaluate the outcomes of air-to-air, air-to-ground, 
and ground-to-air engagements, and an outline of the optimization metho- 
dology used to generate optimal enforceable strategies and objective func- 
tion bounds .   Appendix A is 8 user's guide for ATACM which describes the 
model's inputs, outputs, and general operation.   Appendix B PTe^s 

programming documentation and FORTRAN listings coded for the CDC6600. 

\m\\ ii 
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PROBLEM FORMULATION 

ATACM formulates a tactical air campaign as a staged game between 
opposing Blue and Red air and ground forces.   It generates for each side, 
and for each stage of the war, strategies which optimize the utilization of 
these forces over the length of the campaign.   Figure 1 presents a graphical 
representation of a general staged game which depicts the roles of those 
essential elements which will be described in detail in following sections. 

In Figure 1, for each stage or time period of the campaign, vertical 
planes represent the state space of possible beginning and ending force 
levels for the opposing sides.   Corresponding to each point in the beginning 
state space for a given stage, a game matrix can be constructed with mt and 
nt strategies available to Blue and Red respectively.   The numbers of strate- 
gies, mt and nt, are a function of stage, while the one-stage payoffs in the 
game matrix depend upon the starting resource levels, the objective func- 
tion chosen as a measure of overall performance, and the strategies selected 
by both sides. 

I 

For a given strategy selection at the beginning of stage 1, assess- 
ment relationships determine the value of the payoff and the attrition or 
losses suffered by both sides as a result of the one-stage battle.   The 
dashed line in Figure 1 from stage 1 to stage 2 depicts the effect'of this 
attrition and shows that the starting force levels for stage 2 will, barring 
reinforcements, generally be less than those for stage 1.   The decision 
facing both sides at stage 2 is analogous to that at stage 1, the only possible 
difference being the strategies available to each side and the associated 
one-stage payoffs.   Once again strategies are chosen, the objective func- 
tion is incremented by the corresponding payoff, attrition relationships map 
the starting force level for the current stage into a new point in the state 
space for the next stage, etc.   This process is repeated for the number of 
stages in the game, and the value of the objective function summed over all 
stages determines the outcome of the campaign. 

Within the general framework depicted in Figure I, the key elements 
in the formulation of a tactical air war as a staged game are the forces, 
strategies, and objective functions.   The way these elements are defined in 
ATACM is described in the following paragraphs of this section.   The key 
elements in the solution of a tactical air war include the assessment metho- 
dology, used to compute payoffs and attrition, and the optimization metho- 
dology used to select optimal strategies at each stage of tne campaign. 
These elements are discussed in following sections. 
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OPPOSING FORCES AND MISSIONS 

In the ATACM formulation, opposing forces consist of aircraft, 
SAMs, and ground divisions deployed in the stylized scenario depicted 
in Figure 2 .   A single airbase on each side serves as the staging area for 
all air missions flown against the opponent's SAMs, ground troops, or 
airbase.   SAMs, which may be interpreted as any type of surface-to-air 
defense weapons, are segregated into forward and rear components corres- 
ponding to the location of the area they defend.   Ground troops are defined 
in terms of homogenous divisions fighting on either side of a single-sector 
front (FEBA). 

Aircraft 

As many as four aircraft types can be assigned to either side and 
each of these types may be assigned as many as eight missions chosen 
from those listed in Table 1.   In the course of a battle, forward and rear 
SAM suppressors (FSS and RSS) deploy before other aircraft and suppress 
the enemy's SAM sites.   Afterward, aircraft assigned to fly close air 
support (CAS) attack the enemy's ground troops, reduce their total firepower, 
and directly influence the movement of the FEBA.   Airbase attack (ABA) 
aircraft attack the opponent's airbase, destroy aircraft parked in shelters 
or on the open airfield, and thus reduce the enemy's effectiveness later 
in the war.   Close air support and airbase attack escorts (CASE and ABAE) 
accompany the CAS and ABA aircraft on their attack missions and provide 
them protection from the opponent's battlefield and airbase defenders (BD 
and ABD).   Finally, aircraft assigned to the Nothing mission remain on the 
ground during the battle because of the strength of opposing forces, main- 
tenance requirements, unpreparedness due to a surprise attack, etc. 

SAMs 

The mission of the forward and rear SAMs is to defend the ground 
troops and airbase by attacking and destroying enemy aircraft.   In prose- 
cuting this mission, forward SAMs attack FSS, CAS, and CASE aircraft in 
direct defense of the ground troops, as well as RSS, ABA, and ABAE aircraft 
which must fly over the forward SAMs to reach their targets in the rear. 
Rear SAMs attack only those aircraft flying RSS, ABA, and ABAE missions. 

—- 

aac rr~- ^i.mmmi^''^^ ;^-jj--'^a&'"-^"- 



mmwmjmmmr ^^ws^ .. JIIIU.IWUUU m 
^ 

ri-. in 

i ■ 
t 

«1 
ji l| 
J 
13 
4) ?-'  I o 

Was 
iii 0 

— 
■D 
a HI 

N 
O M 
U. 

I 

8 
l e 

-o 

1 j 
0 l/i 
t. 

X! in 

1 
E 

■ 
u 

0 ü 

•o 01 
0) ID 
3 

CO 0 K 

'O 
Ul 

! •4; 
0 CO 
t. 

I 

1 2 
Ü 

CD w 

E ?, u 
B 

w 
(0 s 
111 < 
c; 55 

0) i 
1 

1 l| 
i ?| 
3 

el
te

 
sh

e 
cr

al
 

■c i; w P 

w 
10 2. I <. ■ s 

iüMauiiiüMi J 



■ II 'mm^mmmm '"-n ■ VMR 

PAB-2 49 

TABLE 1 

AIRCRAFT MISSIONS PERMITTED IN ATACM 

Acronym Mission 

CAS Close Air Support 

ABA Airbase Attack 

BD Battlefield Defense 

ABD Airbase Defense 

CASE Close Air Support Escort 

ABAE Airbase Attack Escort 

FSS Forward SAM Suppression 

RSS Rear SAM Suppression 

Nothing No assigned mission 

j 

-—— 
■-' „...i .,.1..,--    ■||l| ifirin»,. 



wmmm 

PAB-2 49 

Ground Troops 

Because ATACM was designed as a tool for studying the effects of 
different numbers and types of aircraft upon the outcome of an air campaign, 
the ground representation is simplistic and serves primarily as an input to 
the figure of merit used in the optimization process.   Ground troops are 
segregated into homogeneous divisions with each division assigned a maxi- 
mum firepower score.   Successful CAS sorties flown against the enemy 
troops reduce this maximum firepower by a specified amount, and FEBA 
movement is then calculated as a user-specified function of the ratio of 
the total net firepowers delivered by Blue and Red respectively. 

STRATEGIES 

Given the forces and missions described above, the strategy a 
commander uses during a given time period or stage is a fractional allocation 
of all aircraft to missions.   For example, if only one aircraft type is avail- 
able to the Blue commander, and this aircraft can prosecute four missions 
selected from Table 1, the set of possible strategies from which he may 
choose can be characterized as the set of all 4-tuples whose elements are 
positive fractions which sum to one.   Examples include (.5, 0,  .5, 0), 
(.5, 0,  .2,  .3),  (.25,  .25, .25,  .25), etc.   In the general case of s 
missions, s-tuples representing possible fractional allocations for one 
aircraft type are called decision vectors. 

If the Blue commander has only one aircraft type, the sets of 
possible decision vectors and strategies are identical.   If two aircraft types 
are available to the Blue side, the set of possible strategies corresponds 
to the set of all possible decision vector pairs with the first decision vector 
representing allocations for aircraft type 1, the second allocations for air- 
craft type 2 .   An example of a strategy for two aircraft types, each with 
four possible missions, would be 

((.5, 0,   .5, 0),  (.5,  .2,  .2,  .1)) 

Analogously, possible strategies for a side with three aircraft types can 
be represented as decision vector triples, etc. 

To limit the number of decision vectors (and thus strategies) from 
which ATACM must choose an optimal allocation, a parameter called a 
minimum allocation fraction is specified for each aircraft type.   The minimum 
allocation fraction for an aircraft type is the smallest fractional unit which 
can be assigned to any mission.   In the case of an aircraft type with four 
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assigned missions, a minimum allocation fraction of .5 limits the set of 
possible decision vectors to the following ten. 

(1, 0, 0, 0) 
(.5, 0, 0,  .5) 
(.5, 0,  .5, 0) 
(.5,  .5, 0, 0) 
(0,  I, 0, 0) 

(0,  .5, 0,  .5) 
(0,  .5,  .5, 0) 
(0, 0,  1, 0) 
(0, 0,  .5,  .5) 
(0, 0, 0,  1) 

Correspondingly, the number of strategies available to a side with two, 
three, or four such aircraft types would be 100,  1000, or 10,000 respectively. 
In general, the number of possible decision vectors V for an aircraft type 
with s missions and a minimum allocation fraction equal to l/t is given by 

V 
(s + t -1)! 
(s -1)! t! 

(1) 

In addition to aircraft types, missions assigned, and minimum allo- 
cation fractions, ATACM permits one other important specification which 
determines the set of strategies available for a particular stage of the con- 
flict.   The user is allowed to specify, for any stage, a fixed assignment of 
aircraft to mission in terms of a multiple of the minimum allocation fraction. 
Looking at the previous example, the user can force half of the aircraft to 
prosecute the first mission assigned by specifying the first element in the 
corresponding decision vector to always equal .5.   In that case, the set 
of possible decision vectors for the specified stage and aircraft type reduces 
to the following subset of those shown above: 

(.5, 0, 0, .5) 
(.5, 0, .5, 0) 
(.5,  .5, 0, 0) 

The set of all strategies generated from these three decision vectors will 
reflect the specified allocation, and the strategy selected from this set by 
ATACM will optimize remaining allocations over those missions for which 
fractions are not specified. 

As can be seen from this example, as more and more fractions are 
specified, the number of possible decision vectors and strocegies decreases, 
and the process of strategy selection optimizes over fewer and fewer missions. 
In the extreme case, where all fractions in all decision vectors are specified, 
the set of strategies available at each stage reduces to a single strategy. 
Strategy selection then becomes a vacuous operation, and the net effect is 
an evaluation of an air campaign using a user-specified strategy at each 
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stage.   Thus, depending upon the number of mission allocations speci- 
fied, ATACM can be used as an optimization, sub-optimization, or 
strategy-specified model, 

OBJECTIVE FUNCTIONS 

ATACM permits the user to select any linear combination of three 
objective functions to be used as the overall measure of the opposing 
forces' performance during an air campaign.   Specifically, the overall 
objective function used as the criterion for strategy selection can be ex- 
pressed as 

where f 
1 

and w 

F   =w1f1+w2f2+W3f3 (2) 

=   difference of total Blue minus total Red CAS firepower 

=  difference of total Blue minus total Red (CAS firepower + 
ground firepower) 

=  total FEBA movement computed as a user-specified function 
of the ratio of Blue's total ground firepower to Red's 

■  user specified weight on f,, j = 1, 2 , or 3. 

By appropriate choice of the Wj, the user can optimize using any 
one of the fj, or he can generate hedging strategies — those not precisely 
optimal for any single criterion but instead optimal for several criteria 
at once — by specifying F to be a combination of the L.   Regardless of 
what F is specified, fj, f2 , and f3 are also computed and recorded individ- 
uaaly making it possible to simultaneously monitor the effects of different 
optimization criteria on each of the objective functions. 

In addition to the weights wj^, W2, and W3, ATACM also permits 
the user to weight the Blue and Red components of f}, f2 , and f3 by stage. 
To illustrate, each fj can be expanded as follows: 

T+l 

'i  •t|i
btCA8Bt  -rtCASRt 

T+l 
f2   =£btTFPBt 

t=l - rtTFPRt 

(3) 

(4) 

J 
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f3   = 

T+l 

t=l 

bt + rt FEBA. (5) 

where 

CAS 
kt 

TFP, J 
kt 

number of stages in the campaign 

CAS firepower delivered by side k during 
stage t 

residual value of undamaged aircraft 
on side k at end of war 

total firepower (ground + CAS) delivered 
by side k during stage t 

residual value of undamaged aircraft on 
side k at end of war 

FEBA. 
| FEBA movement during stage t 

to 

for t<T 

for t+T+1 

for t <T 

for t+T+1 

fort<T 

for t=T+l 

bt     =     weight on Blue's contribution to the objective 
function during stage t (bm+2=l) 

r.     =    weight on Red's contribution to the objective 
function during stage t (fj+^l) 

Depending upon the scenario being simulated, the weights bt 

and rt can be used to reflect the various effects of logistics, force 
readiness, pilot skills, ground terrain, etc., all as a function of stage. 
For example, in the case of a surprise attack by Red, the amount of 
firepower Blue can deliver per sortie during early stages of the war 
might be severely limited by logistics, readiness, etc.   To simulate 
this situation, weights bt specified for the first few stages of the war 
would be smaller than those specified for later stages. 

I 
11 
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ASSESSMENT METHODOLOGY 

Returning to the general description of a staged game depicted in 
Figure 1, the assessment methodology computes the values of the payoffs 
in each game matrix and the attrition suffered by both sides as a result 
of each possible one-stage battle.   The important considerations in 
describing this methodology include the types of engagements which may 
occur between the opposing sides, the sequence in which these engage- 
ments occur within each stage, and the relationships used to compute 
attrition for each type of engagement.   An important finding of the survey 
of existing models was the general lack of agreement concerning the best 
way to treat each of these facets of the assessment procedure.   The 
assessment methodology described below is a mix of those used in OPTSA 
and VECTOR (References 2 and 3) and consequently suffers from some of 
the same limitations cited in Reference 1.   In consideration of these 
limitations, ATACM is purposely structured so that other, alternative 
assessment methodologies can be implemented with minimal programming 
effort. 

TYPES OF ENGAGEMENTS 

In the current version of ATACM the types of engagements per- 
mitted can be classified as air-to-air, air-to-ground, and ground-to-air. 
Air-to-air engagements occur when CAS and CASE aircraft engage battle- 
field defenders or when ABA and ABAE aircraft engage airbase defenders. 
Air-to-ground engagements occur when ABA aircraft attack the opponent's 
airbase, when SAM suppressors attack the opponent's SAMs, or when CAS 
aircraft deliver ordnance against the opponent's ground troops.   Ground- 
to-air engagements occur between SAMs and opposing aircraft flying SAM 
suppression, CAS, CASE, ABA, or ABAE missions. 

ENGAGEMENT CYCLES 

The first event in each stage of the air campaign is the addition 
of any numerical or fractional aircraft reinforcements specified by the 
user.   Thereafter, attrition and payoffs for each strategy pair are computed 
and accumulated over a specified number of equal length time periods 
(e.g. days) called engagement cycles.   The first event in each engagement 
cycle is the assignment of aircraft to missions according to the strategy 
pair being examined.   Then, using specified sorvie rates per cycle, these 

I 
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assignments are converted into sorties which progress en masse through 
the engagements described below. 

FSS and RSS Engagements 

FSS and RSS missions depicted in Figure 3 are flown by each 
side before all other missions in an attempt to clear corridors for sub- 
sequent battlefield and airbase attackers.   SAMs successfully attacked 
by suppressors are killed for the duration of the stage in which they are 
suppressed, but are replaced or restored at the beginning of the next 
stage.   SAM suppressors successfully engaged by SAMs or destroyed by 
the opponent's airbase attackers are lost for the duration of the campaign. 

CAS. CASE, and BD Engagements 

The CAS, CASE, and opposing BD missions depicted in Figure 4 
are flown after the SAM suppressors.   All air-to-air engagements between 
CAS, CASE, and the opponent's BD sorties are one-on-one encounters. 
Excess attackers or defenders not engaged in one phase of the engagement 
cycle proceed unmolested to the next phase.   Sorties which are engaged 
abort their original mission, fight the opposing aircraft, and, if not 
killed, return to their own airbase.   Each successful CAS sortie delivers 
ordnance on the opponent's ground troops and reduces their total firepower 
(computed at the beginning of each stage as number of divisions times 
firepower per division) by a user-specified amount.   Thus ground troops, 
like SAMs, can be thought of as being killed for the duration of the stage 
in which they are attacked, but replaced at the beginning of the next 
stage.   CAS, CASE, or BD killed in air-to-air engagements or destroyed 
by the opponent's airbase attackers are lost for the duration of the cam- 
paign . 

ABA. ABAE, and ABD Engagements 

The ABA, ABAE, and opposing ABD missions depicted in Figure 5 
are the last missions Mown in each engagement cycle.   All air-to-air 
engagements between ABA, ABAE, and the opponent's ABD sorties are 
one-on-one encounters treated in the same way as those described for 
CAS, CASE, and BD missions.   Each successful ABA sortie delivers 
ordnance on the opponent's airbase destroying those sheltered and un- 
sheltered aircraft specified as being vulnerable to airbase attack. 
Shelters are assigned to vulnerable aircraft types in proportion to their 
relative numbers.   Shelters are not destroyed; damaged shelters are 

13 
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assumed to be repaired by the beginning of the next cycle.   ABA, ABAE, 
or ABD killed in air-to-air engagements or destroyed by the opponent's 
airbase attackers are lost for the duration of the campaign. 

ATTRITION RELATIONSHIPS 

During the course of the engagement cycles just described, all 
aircraft casualties due to air-to-air and ground-to-air engagements are 
computed in terms of sorties lost.   Surviving sorties, which successfully 
return to their airbase at the end of each cycle, are converted to aircraft 
before they are subjected to airbase attack by dividing numbers of sur- 
viving sorties by the sortie rates.   The mathematical relationships 
used to evaluate sortie losses as well as the attrition resulting from 
air-to-ground engagements are described below. 

Air-to-Air Engagements 

In general, for each possible air-to-air engagement shown in the 
blocks of Figures 4 and 5, sorties on one side assigned to a generic 
attack mission, engage, in one-on-one encounters, sorties on the 
opposing side assigned to a generic defense mission.   Excess attack 
sorties not engaged in one phase of the air-to-air war proceed to the 
next phase; sorties that are engaged abort their assigned mission, 
prosecute the air-to-air engagement and, if not killed, return immediately 
thereafter to their airbase.   To describe how sortie attrition on both 
sides is computed in such an engagement, let 

number of attack sorties in the current engagement flown 
by aircraft of type i 

number of defense sorties in the current engagement flown 
by aircraft of type j 

A.   = 

D.  - 
j 

A    = 

D^ = 

3 a 

Hi 

number of the A, killed in the current engagement 

number of the D  killed in the current engagement 

probability an attack sortie of type i is killed by a defense 
sortie of type j in a one-on-one encounter 

probability a defense sortie of type j is killed by an 
attack sortie of type i in a one-on-one encounter 
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k k 
To compute Ai and D., the total numbers of attack and defense 

sorties are first used to compute E, the number of one-on-one encounters, 
as 

E   =   min   (X A,, Z   D.) 
j 

(6) 

The allocation of this total to individual aircraft types is then computed 
proportionally as 

=   E 
iJ (A) (rv 

(7) 

where E^ represents the number of one-on-one encounters between attackers 
of type i and defenders of type j. 

Finally, expected numbers of killed attack and defense sorties 
flown by aircraft of types i and j respectively are computed as 

i\.r E 

and «H 
ij Pij 

Eij qn 

(8) 

(9) 

Air-to-Ground Engagements 

Of the three types of air-to-ground engagements considered in 
ATACM, only the SAM suppression and airbase attack missions directly 
produce losses among the opponent's forces.   As described in the dis- 
cussion of Figure 4, CAS sorties reduce the opponent's ground firepowei 
by a simple subtractive rule which indirectly reflects ground losses.   By 
contrast, SAM and parked aircraft losses are computed using exponential 
relationships relating the kill probabilities and numbers of attackers (SAM 
suppressors or ABA) to the number of opponents (SAMs or parked aircraft). 

SAM Losses 

To derive the expression for SAM losses produced by generic (FSS 
or RSS) SAM suppression sorties, let 

A,   =  number of SAM suppression sorties in the current engagement 
flown by aircraft of type i 
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D     =   number of opposing SAMs 

D     ■   number of D killed in the current engagement 

q.    =   probability a SAM is killed by a SAM suppressor sortie of 
type i 

To compute D   , the numbers of SAM suppression sorties flown are 
used as weights to compute an average probability of kill 

j  

I A, 
(10) 

This probability, along with the numbers of suppression sorties and SAMs 
is used to compute D* as 

( 

k / -   JC 
D     =  D  I 1 - exp (- q    i i» (11) 

Losses Due to ABA 

The attrition relationship for computing the effect of ABA sorties 
on parked aircraft is analogous to Equation (11), the only difference being 
the number of opponent types.   Specifically, let   - 

A,      =  number of ABA sorties in the current engagement flown by 
aircraft of type i 

D. 

D. 

ji 

=  number of parked aircraft of type j vulnerable to airbase 
attack.   Vulnerable aircraft are assigned to shelters in 
proportion to their relative numbers in the inventory; j=l 
corresponds to sheltered aircraft, j=2 to unsheltered. 

=  number of D  killed in the current engagement. 

■   probability a vulnerable aircraft of type j is killed by a 
sortie flown by an ABA aircraft of type i 

To determine Dj, first E^, the number of attack sorties of each 
type i assumed to attack vulnerable aircraft of type j, is computed pro- 

19 
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portionally as 

D. 
E.,   -   A.      i (12) 

2   Di 
J 

Using the tu as weights, an average probability of killing a parked air- 

craft of type j is computed as 

V   E., q,. 
q,  =   _i iJ_--LL 

«   E. 

(13) 

? ij 

Finally, D   is computed using the standard exponential expression 

Dk =0,    (1 - exp ( - q, i    Eii ) \ 
j J j D 

j 

Ground-to-Air Engagements^ 

In ground-to-air engagements, SAMs attack opposing sorties in 
one-on-one encounters analogous to one-sided air-to-air engagements. 
If the number of opposing sorties exceeds the number of SAMs, excessive 
sorties are not attacked.   If the number of SAMs exceeds the number of 
sorties, excessive SAMs are not launched.   To describe the attrition 
produced by a generic SAM (forward or rear) attack, let 

A    =  number of SAMs in the current engagement 

number of target sorties in the current engagement flown by 
aircraft of type j 

number of D. killed in the current engagement 

probability a target sortie flown by an aircraft of type j is 
killed by a SAM in a one-on-one encounter 

D,  = 
.1 

Dk = 

To compute D-, the total number of SAMs and opposing aircraft 
sorties are used to compute E, the number of one-on-one encounters, as 

E   -   min (A, J D, (15) 
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r r       D- 

ID 
j    j 

(16) 

where Ej represents the number of one-on-one encounters between SAMs 
and target sorties of type j. 

Finally, the expected number of killed sorties flown by aircraft of 
type j is computed as 

D     =    E   q (17) 

< 21 

'^ ■ 



I^HHM H^^MIW^WPHJllLi.ii JUiii m^ i"1 ■• n^aww ISIWW 1   " J |J ■ ■W 1 

PAB-2 49 

OPTIMIZATION METHODOLOGY 

The methodology used to select optimal strategies for both sides 
at each stage of the campaign reflects the recommendations of the survey 
presented in Reference I.   The basic approach is to select enforceable 
strategies which individually optimize each side's minimal performance 
over the length of the campaign.   Following paragraphs explain this 
optimization criterion in detail and describe the dynamic programming 
methodology used to implement it. 

MAXMIN/MINMAX STRATEGIES AND PAYOFFS 

In the standard game matrix such as that shown in Figure I the 
possible objective functions used to compute payoffs to Blue are defined 
such that positive payoffs indicate Blue success.   Blue's objective is to 
choose that strategy which will produce the largest payoff, while Red's 
objective is to choose that strategy which will produce the smallest payoff. 
The approach used in ATACM is to assume both Blue and Red act con- 
servatively in choosing their strategies.   To illustrate, for a simple case, 
Figure 6 presents a game matrix for starting force levels in a hypothetical 
one-stage campaign in which Blue has five possible strategies. Red has 
four. 

One-Stage Game 

Since Blue and Red are assumed to be conservative, each chooses 
that strategy which will produce the most favorable outcome under the 
worst of circumstances -- i.e. prior knowledge of his selection by his 
opponent.   In the case of Blue, selection of Si guarantees a payoff no 
less than 1 regardless of which strategy Red chooses.   Selection of S2 
guarantees a payoff no less than 0, S3 no less than -1, etc.   These 
n inimal payoffs (or row minimums) are shown in Figure 6 for each possible 
Blue selection.   Assuming Red has superior intelligence, Blue would 
choose that strategy, S^ which maximizes over the set of minimal pay- 
offs.   Thus Si is called Blue's MAXMIN strategy, and  1, the minimal payoff 
associated with S^ is called the MAXMIN payoff or objective function 
value.   The Red strategy §2 which would have to be play against Si to 
yield the MAXMIN payoff is called Red's MAXMIN strategy. 

22 
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FIGURE 6 

ONE-STAGE GAME MATRIX 
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In the case of Red's selection, choice of S, could result in a 
payoff as large as 6 if Blue were to play 8%, selection_of §2 could result 
in a payoff as large as 5, S3 a payoff as large 4, and S4 a payoff as 
large as 3.   Assuming Blue has superior intelligence, conservative Red 
would choose that strategy, 84, which minimizes over the set of column 
maximums shown in figure 6.   Strategy S4 is called Red's MINMAX 
strategy, S3 is called Blue's MINMAX strategy, and 3, the payoff asso- 
ciated with playing S4 against S3 is called the MINMAX payoff. 

If Blue were to play its MAXMIN strategy and Red Its MINMAX 
strategy, the payoff which would result is 2.   This MAXMIN vs. MINMAX 
payoff will always be greater than or equal to the MAXMIN payoff (in 
this case 1) and less than or equal to the MINMAX payoff (in this case 
3). 

From this example, it should be clear how the optimization 
criterion used in ATACM would be applied for a one-stage campaign. 
Given the starting force levels, strategies, and objective function speci- 
fication, payoffs in the corresponding game matrix would be computed 
using the assessment methodology described in the previous section. 
Blue's MAXMIN strategy and payoff would be computed by maximizing 
over row minimums while Red's MINMAX strategy and payoff would be 
computed by minimizing over column maximums.   Output would consist 
of the Blue MAXMIN strategy, the Red MINMAX strategy, the lower and 
upper MAXMIN/MINMAX objective function bounds, and the actual 
MAXMIN vs. MINMAX payoff which would result if both sides played their 
conservative strategies. 

Multi-Stage Game 

To understand how the MAXMIN/MINMAX strategy selection pro- 
cedures for a one-stage game extend to a multi-stage game, it is helpful 
to present an alternative representation of a staged game called an 
extended game as shown in Figure 7.   In an extended game representa- 
tion of a T-stage air campaign. Blue extended strategies are T-tuples 
whose t"1 element is a strategy selected from the set of one-stage 
strategies Sj, S2 ,  ..., S^   available to Blue at the tth stage of the mt 

campaign.   In other words, the first element in an extended strategy 
for Blue is the strategy Blue would use for stage 1, the 2nd element is 
Blue's strategy for stage 2 ,  . . ., and the Tth element is Blue's strategy 
for the last stage of the campaign.   The number of possible extended 

24 
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EXTENDED GAME REPRESENTATION 
OF A T-STAGE GAME 
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MN 

ES,   = 

ES.   = 
j 

Blue Extended Strategy = (S,   , S , S   ) 

where S.   = Blue strategy for stage t 

Red Extended Strategy = (S    , S    ,...,§   ) 
Jl      h JT 

where S    = Red strategy for stage t 
3t 

M 

TP 

in1
,m2-...-mT N = nl*n2*,,-,nT 
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Total Payoff produced by playing ES   against 
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strategies, M, from which Blue may choose is equal to 

M   =   m 1 
m,. m. m. (18) 

i 

where mt equals the number of possible Blue strategies available for 
stage t.   Extended strategies for Red are analogous. 

Payoffs in an extended game are total payoffs over the length of 
the campaign which result from playing a Blue extended strategy against 
a Red extended strategy.   Looking back at Figure 1, a total payoff in the 
extended game depends upon the one-stage payoffs and the attrition 
represented by the dashed line.   Each different combination of Blue-Red 
extended strategies corresponds to a unique attrition path from the state 
space at the beginning of stage 1 to the state space at the end of stage 
T. 

Theoretically, selection of MAXMIN/MINMAX strategies in a 
multi-stage campaign, represented in the context of the extended game, 
is exactly the same as that described for a one-stage game.   Indeed, for 
a one-stage campaign the extended game representation reduces to a 
one-stage game.   Unfortunately, for air campaigns with reasonable num- 
bers of strategies and stages the extended game representation is valuable 
only as an abstraction because of its prohibitive size.   For example, if 
Blue and Red each had only 2 0 possible strategies to choose from at each 
stage of a three stage campaign, the corresponding extended game would 
be an 8000 by 8000 matrix requiring 64 million three-stage payoff evalua- 
tions.   Assuming 10~3 seconds of computer time was required for each 
one-stage assessment, evaluation of the payoffs alone would require 
over 50 hours.   Needless to say, a method other than the straightforward 
solution of the extended game is required to determine MAXMIN/MINMAX 
strategies for the general multi-stage campaign. 

DYNAMIC PROGRAMMING SOLUTION 

The reason the extended game representation of modest sized 
air campaigns becomes untractable is that it treats the problem of 
strategy selection for all stages as a single step process.   An alternative 
approach, using dynamic programming, is to decompose the problem into 
a series of one-stage problems, similar in many respects to the way the 
problem was originally posed in Figure 1.   To illustrate the dynamic pro- 
gramming approach, its necessary to define more precisely many of the 
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concepts first presented there.   For purposes of illustration, we will 
assume Blue and Red each have one aircraft type -- more types simply 
increase the dimensionality of the state space.   For this case, shown 
in Figure 8 , let 

X =   a point,  (B , R ), in the state space at the beginning 
of stage t corresponding to Bt and Rt aircraft available 
to Blue and Red respectively 

S (X )    ■   Blue's one-stage MAXMIN strategy selection corres- 
ponding to Xt 

S (X )    =   Red's one-stage MINMAX strategy selection corres- 
ponding to Xt 

TP (X )  ■   the total MAXMIN payoff associated with optimal 
play by Blue from state Xt at the beginning of stage t 
to the end of the campaign 

TP (X )  ■   the total MINMAX payoff associated with optimal play 
t        by Red from state X^. at the beginning of stage t to the 

end of the campaign 

P    (X ) =   payoff in the one-stage game matrix corresponding to 
■ selection of the i**1 and j^ strategies when in state X^. 

Z.. (X ) =   state Xt+j into which selection of the ith and jth 

13 strategies by Blue and Red maps the state Xt 

Using these definitions, TP (Xj) and TP (X^ are the desired 
MAXMIN and MINMAX payoffs associated with the extended strategies 

ES (X^   = (S (Xi), S (X2), S (Xg) 

ES Oq)   = (S ÖCj), S (X2), § (X3) 

, S 

, s (xT)) 
(19) 

(20) 

where X-^ represents the starting numbers of aircraft at stage 1 and the Xt 

and Xt are defined recursively by 

X2   *  ZU «l' 

*3   7  ?1J (X2) 

*I  " Z» «T-l5 

X.   - z u 
^3   " tki 

** • 
= z ki 

(Xj) 

(x2) 

^T-l) 

(21) 

;%. 
27 

iM -   -    --^--l    ^ titÄ^fciÄÜÜl. 



ULI Minn I.' •.■«■>    -        '••   >'" immmmmmv*. ww **"• 

c 
tm 

  

"; 

IW^ 

; 

'A m ... CO ... 

lh 
OJ 
n: 

^ ^ s 
>■ 

i 
0) 
3 Tl 

rü « 
II II 

+ 

a. 



.JHPPWWHUUI 1 IIB-Illlilliy     ■■HE..    II «PI i« <■>.>»•     ijin.mui   ilia   imi »i i mi Ji iiwi   iiuii^a 

PAB-2 49 

with i = index of Blue's MAXMIN strategy for the current stage 
j = index of Red's MAXMIN strategy for the current stage 
k - index of Blue's MINMAX strategy for the current stage 
£ - index of Red's MINMAX strategy for the current stage 

The dynamic programming approach for solving for TP (Xj), ES (X^), 
TP (Xi), and H^ (Xi) separates the solution for the MAXMIN total payoff 
and extended strategy from the MINMAX counterparts.   Although all des- 
criptions which follow concentrate on the MAXMIN solution, the MINMAX    'i 
solution technique is exactly analogous. 

Idealized Approach 

To compute TP (Xj) and E? (Xj) using a general dynamic programming 
procedure, one begins at the beginning of the last stage of the campaign 
and computes one-stage MAXMIN payoffs and strategies, TP (X-j.) and 
S (XT), for all possible states X^.   The i, j 
game matrix for each state Xm is given by 

th payoff, Pu , in the MAXMIN 

'«   "   'u «V + TP (XT+1   ■   Z1J 

i] 

(xT)) (22) 

where P^j (XT) is the one-stage payoff and TP (XT+1 =  Z^ (Xrj,)) is the 
contribution of undamaged aircraft at the end of the war, B^+i and R^+i / 
to the value of the overall objective function (Equation 2). 

After TP OW) and S (X-p) have been computed for all states X-p, these 
values are stored and the process movej backward to the beginning of 
stage T-l.   Using the TP (X^) just computed, the elements in the payoff 
matrix for each stage X-p+i are now given by 

ij 
■   P., «T-l5 TP (XT   = zy ^T-I» (23) 

where ?,* (Xr^) is the payoff contribution of the current stage and 
TP (X'p= Z^ (X-j.^)) is the MAXMIN payoff associated with optimal play 
thereafter.   Once again, a Blue MAXMIN strategy is computed for each 
game matrix along with the cumulative MAXMIN payoff TP (X-j._^) and each 
is stored for all possible states X-p.^   Processing moves backward to 
the preceding stage in time, game matrices are generated for all states, 
etc. 

Eventually, through this iterative process, strategies and payoffs 
can be generated for all stages and states from stage T back to the begin- 
ning of stage 1.   Since X^, the hypothesized starting resource level, is 
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a point in the state space at the beginning of stage 1, the solution is 
complete.   TP (X^ is available immediately, while the one-stage strategies 
which compose ES (Xj) can be retrieved from storage by tracing through 
the states using the attrition map Z^.   Perhaps even more important, as 
a by-product of the dynamic programming approach, solutions for all other 
Xt are also avaUable since they have been stored during the processing 
required to solve for X^.   By simply retrieving the stored results,   solutions 
for all shorter campaigns less than T stages which begin with any number 
of aircraft on either side can be easily generated. 

Problems 

Precise implementation of the general dynamic programming algorithm 
as described above requires evaluation of one-stage game for every possible 
state of every possible stage.   The number of such states in a reasonable 
sized game is huge, even for the case in which each side has only one air- 
craft type.   For example, each side might reasonably start with 1000 air- 
craft, making the number of possible {Btl Rt) pairs more than one million. 

Intuitively, one would suspect states which differ by only a few 
aircraft would produce approximately the same solution.   ATACM exploits 
this intuitive feel by imposing a descrete grid upon the state space at 
each stage in a manner analogous to that used in DYGAM (Reference 4). 
If a grid such as that shown in Figure 9 were imposed, a tractable approach 
would be to explicitly compute one-stage strategies and payoffs for only 
the discrete grid points using the dynamic programming procedure described 
above.   Unfortunately, as shown in Figure 9, the Zjj (X^ for a grid point 
Xt would generally not lie on a grid point in the subsequent stage's state 
space.   Since TP (Z^j (Xt)) is necessary to compute the elements in the 
one-stage game matrix (Equation (22)), an approximation technique is 
required for computing payoffs associated with points not on the grid. 

Possible Approximations 

One possible approximation technique for computing TP (Xt+i = 
Zij (Xt)) would be to linearly interpolate using the explicit payoffs for grid 
points adjacent to Xt+i.   It can be shown that as the grid becomes finer 
the strategies which would result from using linear interpolation would 
approach those produced by the idealized dynamic programming solution. 
Similarly, the payoffs produced would approach the idealized lower bound 
TP (Xi), but not necessarily from below.   In other words, although the 
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FIGURE 9 

DYNAMIC PROGRAMMING 
APPROXIMATIONS 
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approximate extended strategy ft (X,) produeed by 1"^a"°" """^ 
intuitively be a good estimate of ES (Xj), the associated » »1' "'9'" 
be greater than TP (Xj) and thus an Invalid lower bound on the MAXMIN 

vs. MIN MAX total payoff. 

A second possible approximation technique, which is ^ranteed 
to produce a valid lower bound on TP (X^ , is to round the --ber of Blue 
aircraft down to an adjacent Blue grid level and the number of Red air- 
c aft ^n adjacent Red grid level at each stage    As f^nT^re 9, 
such a rounding scheme would be equivalent to replacing TP {Z^  {Xt) 
bv TP (L (Xt)) where Z. is an approximate mapping which incorporates 
the Blu^-]d^   Red-unrounding criteria.   Because Blue's forces are 
ounded down and Red's forces are rounded up at every f^, the total 

MMMIN payoff produced by such an approximation would be ^ tha^ 
equaVto TP (Xi).   Thus, the quality of the approximation ^ would affect 
onW the tightness, not the validity, of the MAXMIN bound produced.   As 
°hfqM imposed upon the state space^becam. finer, ^ would approach 
zj and the computed MAXMIN payoff TP (X^ would approach TP (X^ from 

below as desired. 

^TanM Approach 

The approach used in ATACM to generate an approximate MAXMIN 
extended strategy and total payoff incorporates both of the approximation 
techniques described above.   Two separate dynamic programming passes 
are required to generate the MAXMIN components of the solution, and two 
analogous passes are required for the MINMAX components. 

Lookinq only at the MAXMIN calculations in detail, the first pass 
uses linear mTerFolation exactly as described above to generate an approxi- 
mate e^nded strategy ES (X,).   The payoffs    TP (Xt) ^^nera ec a   e 
stage and state are used only to compute ES Oq) and are discarded atter 
the one-stage strategies are stored. 

The second pass, designed to produce a lower bound on the MAXMIN 
total payo« TP (Xi) ' uses the S (Xt) stored during the first pass as fixed 
Blue strategies aga nst which Red'performs a MINMAX pass using the 
founding scheme described above.   As shown m Figure 10, in this second 
pass   he game matrix for each stage and state has only one Blue strategy. 
Column m^mums in these one-stage games are the ^^e-sta^ 
payoffs corresponding to each Blue strategv, and the MINMAX pass reduces 
fo the calculation of the minimum payoff Red can achieve against ES (X^ . 

'-■"-       o in i in ii ii 
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i 

To see that this second MINMAX pass produces a lower bound on TP (Xi), 
consider two cases. 

• If ES (X^) is the same as ES (X^), and no Blue-down/ 
Red-up rounding is required, the best Red can do in the MINMAX pass is 
to generate Red's MAXMIN extended strategy, which, by definition, pro- 
duces a total payoff exactly equal to TP (X^).   If rounding is required, 
the total payoff would clearly be less than or equal to TP (X^). 

• If ES (Xi) is not equal to ES (XjJ , and rounding is not 
required, the minimum total payoff Red can achieve in the MINMAX pass 
is the row minimum corresponding to ES (Xj) in the extended game of 
Figure 10.    Since TP (X^) is defined as the maximum over all row minimums, 
TP (Xi) must be bounded from below by the MINMAX payoff.   As before, 
If rounding is required the value of the MINMAX payoff can only be reduced. 

Finally, after two analogous dynamic programming passes for com- 
puting estimates of Red:s MINMAX extended strategy ES (X^) and the upper 
objective function bound TP (X^), the solution is virtually complete.   All 
that remains is the estimation of the MAXMIN vs. MINMAX payoff for starting 
state X]^ which is accomplished by actually playing the one-stage strategies 
stored for Blue and Red at each grid point.   If during this calculation a Zij (x^) 
does not fall on one of the specified grid points the one-stage strategies 
stored for the nearest point are used.   As in the case of computing the 
MAXMIN and MINMAX bounds, the quality of this approximation depends 
upon the coarseness of the grid imposed. 
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APPENDIX A 

ATACM USER'S GUIDE 

This appendix is a guide to the use of ATACM.   Following sections 
describe the inputs, the operation, and the outputs of the model. 

I 
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Scenario and Attrition 
Parameter Cards 

y 

Trial War 
Cards 

BATTLE-TAPE 
 Optional 

    Required 

AN OVERVIEW OF ATACM'S OPERATION 
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AT AC Ml 

Required inputs to ATACM1 include parameters describing the 
campaign scenario and the attrition relationships for air-to-air and 
air-to-ground engagements.   Optional outputs include a listing of the 
inputs, the aircraft allocation strategies available to Blue and Red, the 
states corresponding to discrete numbers of Blue and Red aircraft, the 
outcomes of any trial wars requested, a BATTLE-TAPE used to store one- 
stage battle outcomes for subsequent use in perturbation runs of ATACM1, 
and a TRIAL-TAPE for use in evaluating additional trial wars using ATACM2 . 
To complement the discussions of inputs and outputs which follow. Figure 
A-2 provides a logical flowchart depicting the major functions performed by 
ATACM1. 

INPUTS 

ATACM1 affords the user considerable ease and flexibility in 
sturcturing a run to satisfy his analysis needs.   Control parameters are 
input on cards with identifying alphabetic keys in columns 1 thru 5 which 
facilitate identification of inputs by the user and eliminate rigid sequence 
requirements for cards within the data deck.   Table A-l presents an alpha- 
betical list of the keys used on the Inputs cards recognized by ATACM1. 
Depending upon the complexity of the scenario being simulated, the number 
of card types required for a particular run can be as few as the six indicated 
by asterisks in the table.   Following paragraphs describe in detail the 
control parameters contained on each of the card types, their formats, and 
default values where applicable. 

A-4 
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counters 
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print If requested 
• compute ami print 

execution time estimate 

No ^Slopj 

Yes Copy BATTLE-TAPE 
to scratch disk 

Generate one-stage battle outcomes 
for each state and pure strategy 

combination using BATTLE 

Write outcomes on scratch dislc; If 
requested also write outcomes 

on BATTLE-TAPE 

Using GAMES generate optimal MAXMIN/ 
MINMAX strategies and bounds for each 
state and stage.   Write on scratch disk 

and on the TRIAL-TAPE 

Yes 

No 

Use TRIALS to read TRIAL cards 
and generate war outcomes 

Stop 

FIGURE A-2 
LOGICAL FLOV/CIIART OF ATACM1 
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Card Key 

ABAF 

CASF 

DFRC 

DIVF 

END 

FEBAM 

FINIS 

** 
GRID 

•kit 
MISS 

NDIV 

NSAM 

NSHL 

OWGHT 

PKAA 

PKAD 

PKAE 

PKBA 

PKBD 
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TABLE A-1 

INPUT CARDS RECOGNIZED BY ATACM1 

Input Parameters It Contains 

Fraction of planes vulnerable to ABA 

Firepower per CAS sortie 

Division firepower reduction per CAS sortie 

Firepower per division 

Flag to signal the end of scenario and attrition inputs 

FEBA movement function 

Flag to signal the end of the TRIAL cards 

Grid levels for the number of available planes 

Missions assigned and associated sortie rates 

Number of ground divisions 

Number of SAMs 

Number of air base shelters 

Overall objective function weights 

Probabilities of killing an air base attacker 

Probabilities of killing an air base defender 

Probabilities of killing an air base attacker escort 

Probabilities of killing a battlefield attacker 

Probabilities of killing a battlefield defender 

A-6 
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Card Key 

PKBE 

PKFA 

PKFS 

PKNS 

PKRA 

PKRS 

PKSH 

REIN 

RUN 

STAGE* 

STRT 

TRIAL 

VALU 

WGHT 

PAB-2 49 

TABLE A-l (Cont'd) 

Input Parameters It Contains 

Probabilities of killing a battlefield attacker escort 

Probabilities of killing a forward SAM attacker 

Probabilities of killing a forward SAM 

Probabilities of killing a non-sheltered plane 

Probabilities of killing a rear SAM attacker 

Probabilities of killing a rear SAM 

Probabilities of killing a sheltered plane 

Plane reinforcements by stage 

Run options and title 

Number of stages and engagement cycles per stage 

Strategy specifications by stage 

Initial number of planes and length of a TRIAL war 

Value of an undamaged plane at end of war 

Objective function weights by stage 

** 
At least one card required for every run. 
At least one card required for each side for every run. 
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ABAF Card 

One ABAT card for each aircraft type is used to specify the fraction 
of the aircraft assigned to each mission which is vulnerable to airbase 
attack.   By specifying different fractions, aircraft flying selected missions 
can be made invulnerable or partially vulnerable to the opponent's airbase 
attack.   Generally larger fractions are more applicable for aircraft prose- 
cuting missions close to friendly airbases (e.g. , ABD, BD, CAS, and 
forward SAM suppression) than for aircraft flying missions deep in the 
opponent's territory (e.g., ABA and rear SAM suppression).   Aircraft whose 
fractions are set equal to zero might include planes housed in impenetrable 
shelters or long-range bombers flying from a sanctuary base. 

The ABAF card is read under 

FORMAT (A4, Al, II, 4X, 8F5.0) 

and its fields are assigned as follows: 

A4 - (1-4) 

Al - (5) 

II - (6) 

8F5.0 - (11-50) 

- "ABAF" 

- "B" or "R" to indicate the vulnerability fractions 
are for either a Blue or Red aircraft type 

- the number of the aircraft type for which the 
fractions are applicable 

the fraction of the aircraft flying a particular 
mission which is vulnerable to airbase attack. 
The fraction specified in columns 11-15 corres- 
ponds to the 1st mission assigned on the 
associated MISS card, columns 16-2 0 to the 
2nd, etc.   Default value is 1. 

CASF Card 

One CASF card for each side is used to specify the firepower delivered 
per CAS sortie flown.   The units used to specify firepower on the CAS card 
must be consistent with those used on both the DFRC and the DlVr1 cards. 
The CASF card is read under 

FORMAT (A4, Al, 5X, 4F5.4) 

and its fields are defined as follows: 

A4 - (1-4) -   "CASF" 

A-8 
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Al - (5) 

4F5.4 - (11-30) 

-     "R" B" or "R" to indicate the firepower rates are 
for either the Blue or Red side 

the firepower delivered per CAS sortie by aircraft 
of types 1 thru 4 respectively.   Default value is 0. 

DFRC Card 

One DFRC card for each side is used to specify the ground division 
firepower reduction produced by each CAS sortie flown.   The units used 
to specify firepower reduction on the DFRC card must be consistent with 
those used on both the CASF and the DIVF cards.   The DFRC card is read 
under 

FORMAT (A4, Al, 5X, 4F5.4) 

and its fields are defined as follows: 

A4 - (1-4) -   "DFRC" 

Al - (5) "B" or "R" to indicate the ground division fire- 
power reductions are produced by either a Blue 
or Red CAS sortie. 

4F5.4 - (11-30) -   the ground division firepower reduction resulting 
from a CAS sortie flown by aircraft of types 
1 thru 4 respectively.   Default value is 0. 

DIVF Card 

One DIVF card for each side is used to specify the firepower per 
ground division.   The units used to specify firepower on the DIFV card must 
be consistent with thoso used on both the CASF and the DFRC card.   The 
DIVF card is read under 

FORMAT (A4, Al, 5X, F5.0) 

and its fields are assigned as follows: 

A4 - (1-4) -   "DIVF" 

Al - (5) "B" or "R" to indicate the firepower is specified 
for each Blue or Red ground divisions 

F5.0 - (11-15)    -   the firepower per ground division.   Default value 
is 0. 

A-9 

sasaE ■ ■ ■ '   ^"r— 



^■■■■»•""■•'"■^''^«WWIWiBWWWW^ ■ii "i m- 

PAB-249 

END Card 

The END card signals the end of the scenario and attrition para- 
meter cards required by ATACM1 and the beginning of the optional TRIAL 
cards.   The END card is read under 

FORMAT (A3) 

and its only field contains 

A3 - (1-3) -  "END" 

FEBAM Card 

As many as four FEBAM cards may be used to specify the rate of 
FEBA movement per cycle as a function of the ratio of Blue ground fire- 
power to Red ground firepower.   Any functional relationship desired can 
be input by specifying up to 28 points that lie on the graph of the desired 
function.   The model linearly interpolates between these points to yield 
a piecewise linear approximation.   The quality of the approximation de- 
pends upon the shape of the desired graph and the number and location 
of points chosen.   The coordinates of the points are read from the 
FEBAM card under 

FORMAT (A5, II, 4X, 7(2F5,0)) 

and the fields are assigned as follows: 

A5 - (1-5) -   "FEBAM" 

11 - (6) -   card sequence number.   Seven points (smallest 
firepower ratio to largest) are input on each card 
to a maximum of four cards or 28 points.   The 
first card has sequence number 1, the second 
card (if required) has sequence number 2, etc. 

7(2F5.0)-(ll-80) -   x and y coordinates of the ith point on the graph 

X = ratio of Blue ground firepower to 
Red ground firepower (always positive) 

y = FEBA movement per engagement cycle 
(positive movement corresponds to 
Blue advance) 

Default value for (x,y) is (0,0). 

A-10 
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ciated sortie rates.    Each MISS card is read under 

FORMAT (A4, Al, II, 4X, 12,   IX, 8(2X,I1),  3X, 8F5.2) 

and the fields are assigned as follows: 

Al - (1-4) -   "MISS" 

Al - (5) -   "B" or "R" to indicate the mission information is 
for either a Blue or Red aircraft type 

- the number of the aircraft type 

- the denominator of the minimum allocation frac- 
tion for this aircraft type. The minimum alloca- 
tion fraction is the smallest fraction of the total 
number of planes which can be assigned to any 
mission. All fractional assignments are integer 
multiples of the minimum allocation fraction. 

8(2X,Il)-(14-37) -   numerical codes (see Table A-2) corresponding 
to the missions to which planes of the specified 
type may be assigned.   A maximum of eight 
missions may be specified for an aircraft type. 

11 - (6) 

12 - (11-12) 

8F5.2-(41-80) sortie rates per engagement cycle associated 
with the missions specified in the preceding 
columns.   The sortie rates must be specified in 
the same relative order as the mission codes. 



Ill ■ . , »11  JL     .. .L        W 

Code 

1 

2 

3 

4 

5 

6 

7 

8 

9 

PAB-249 

TABLE A-2 

AIR MISSION CODES 

Mission 

Close air support (CAS) 

Airbase attack (ABA) 

Battlefield defense (BD) 

Air base defense (ABD) 

Close air support escort (CASE) 

Airbase attack, escort (ABAE) 

Forward SAM suppression (FSS) 

Rear SAM suppression (RSS) 

No assigned mission 

NDIV Card 

One NDIV card for each side is used to specify the number of ground 
divisions available.   The NDIV card is read under 

FORMAT (A4, Al, 5X, 15) 

and its fields are defined as follows: 

A_4 _ (1-4)   -    "NDIV" 

A1 _ (5) _    "B" or "R" to indicate the number of divisions 
correspond to either the Blue or Red side 

15 - (11-15)  -   the number of ground divisions.   Default valae is 0. 

NSAM Card 

One NSAM card for each side is used to specify the number of for- 

A-13 
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ward and rear SAMs available.   The NSAM card is read under 

FORMAT (A4, Al, 5X, 215) 

and its fields are defined as follows; 

A4 - (1-4)      -   "NSAM" 

Al - (5) -   "B" or "R" to indicate the number of SAMs correspond 
to either the Blue or Red side 

15 - (11-15) -   the number of forward SAMs.   Default value is 0. 

15 - (16-20) -   the number of rear SAMs.   Default value is 0. 

NSHL Card 

One NSHL card for each side is used to specify the number of air- 
craft shelters available.   The NSHL card is read under 

FORMAT (A4, Al, 5X, 15) 

and its fields are assigned as follows: 

A4 - (1-4)     -   "NSHL" 

Al - (5) -   "B" or "R" to indicate the number of shelters corres- 
pond to either the Blue or Red side 

15 - (11-15) -   the number of aircraft shelters.   Default value is 0. 

OWGHT Card 

The basic form of the overall function used to generate optimal con- 
servative strategies is given by 

where f 1 
L 

and 

F   =   w^fi +W2f2 + W3f3 (A-l) 

=  difference of total Blue minus total Red CAS firepower 

=  difference of total Blue minus total Fed (CAS fire- 
power + ground firepower) 

=   total FEBA movement (positive movement corresponds to 
Blue advance). 

One OWGHT card is used to specify the values of the weights, w^, W2, and 
W3 to be used in computing F.   The OWGHT card is read under 

FORMAT (A5, 5X, 3F5.0) 

A-14 
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and its fields are defined as follows: 

A5 - (1-5) -   "OWGHT" 

P5#0- (11-15) - the value of W-L . Default value is 1. 

F5.0 - (16-20) - the value of v^ . Default value is 0. 

F5.0 - (21-2 5) -   the value of W3.   Default value is 0. 

PKAA Card 

For each aircraft type assigned an airbase attack (ABA) mission, one 
PKAA card is required to specify the probabilities that such an aircraft is 
killed by an opposing airbase defender or SAM in a one-on-one engagement. 
The PKAA card is read under 

FORMAT (A4, Al, II, 4X, 4F5.3, 5X, 2F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKAA" 

Al - (5) -   "B" or "R" to indicate the ABA aircraft belongs to 
either the Blue or Red forces 

II _ (6) -   the number of the ABA aircraft type 

4F5.3-(ll-30)  -   the probability the ABA aircraft is killed by opposing 
ABD's of types 1 thru 4 respectively.   Default 
value is 0. 

F5.3-(36-40)    -   the probability the ABA aircraft is killed by an 
opposing forward SAM.   Default value is 0. 

F5.3 - (41-45) -   the probability the ABA aircraft is killed by an 
opposing rear SAM.   Default value is 0. 

PKAD Card 

For each aircraft type assigned an airbase defense (ABD) mission, 
one PKAD card is required to specify the probabilities that such an aircraft 
is killed by an opposing airbase attacker or airbase attack escort in a 
one-on-one engagement.   The PKAD card is read under 

FORMAT (A4, A1,I1, 4X, 4F5.3, 5X, 4F5.3) 

v 
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and its fields are assigned as follows: 

A4 - (1-4) -   "PKAD" 

Al - (5) -   "B" or "R" to indicate the ABD aircraft belongs 
to either the Blue or Red forces 

II - (6) -   the number of the ABD aircraft type 

4F5.3- (11-30)   -   the probability the ABD aircraft is killed by 
opposing ABA's of types 1 thru 4 respectively. 
Default value is 0. 

4F5.3- (36-55)   -   the probability the ABD aircraft is killed by 
opposing ABA escorts of types 1 thru 4 respec- 
tively.   Default value is 0. 

PKAE Card 

For each aircraft type assigned an airbase attack escort (ABAE) 
mission, one PKAE card is required to specify the probabilities that such 
an aircraft is killed by an opposing airbase defender or SAM in a one-on- 
one engagement.   The PKAE card is read under 

FORMAT (A4, Al, II, 4X, 4F5.3, 5X, 2F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKAE" 

Al - (5) -   "B" or "R" to indicate the ABAE aircraft belongs 
to either the Blue or Red forces 

II - (6) -   the number of the ABAE aircraft type 

4F5.3- (11-30)   -   the probability the ABAE aircraft is killed by 
opposing ABD's of types 1 thru 4 respectively. 
Default value is 0. 

F5.3 - (36-40)    -   the probability the ABAE aircraft is killed by an 
opposing forward SAM.   Default value is 0. 

F5.3 - (41-45)    -   the probability the ABAE aircraft is killed by an 
opposing rear SAM.   Default value is 0. 

PKBA Card     - ~ 

For each aircraft type assigned a battlefield attack (CAS) mission, 
one PKBA card is required to specify the probabilities that such an aircraft 

iV 

A-16 



'^m^mmim mm_ T~-*f^mm*mi ~~w. 41111 1,1 I UII.IIU 

PAB-249 

is killed by an opposing battlefield defender or forward SAM in a one-on- 
one engagement.   The PKBA card is read under 

FORMAT (A4, Al, II, 4X, 4F5.3, 5X, F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKBA" 

Al - (5) 

II  - (6) 

- "B" or "R" to indicate the CAS aircraft belongs 
to either the Blue or Red forces 

- the number of the CAS aircraft type 

4F5.3- (11-30) -   the probability the CAS aircraft is killed by 
opposing BD's of types 1 thru 4 respectively. 
Default value is 0. 

F5.3- (36-40)    -   the probability the CAS aircraft is killed by an 
opposing forward SAM.   Default value is 0. 

PKBD Card 

For each aircraft type assigned a battlefield defense (BD) mission, 
one PKBD card is required to specify the probabilities that such an air- 
craft is killed by an opposing battlefield attacker (CAS) or battlefield attack 
escort (CASE) in a one-on-one engagement.   The PKBD card is read under 

FORMAT (A4, Al, II, 4X, 4F5.3, 5X, 4F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKBD" 

Al - (5) 

II - (6) 

- "B" or "R" to indicate the BD aircraft belongs to 
either the Blue or Red forces 

- the number of the BD aircraft type 

4F5.3- (11-30) -   the probability the BD aircraft is killed by 
opposing CAS's of types 1 thru 4 respectively. 
Default value is 0. 

4F5.3- (36-55) -   the probability the BD aircraft is killed by 
opposing CAS escorts of types 1 thru 4 respec- 
tively.   Default value is 0. 

A-17 
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PKBE Cerd 

For each aircraft type assigned a battlefield attack escort (CASE) 
mission, one PKBE card is required to specify the probabilities that such 
an aircraft is killed by an opposing battlefield defender or forward SAM 
in a one-on-one engagement.   The PKBE card is read under 

FORMAT (A4, Al, II, 4X, 4F5.3, 5X, F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKBE" 

Al - (5) -   "B" or "R" to indicate the CASE aircraft belongs 
to either the Blue or Red forces 

II - (6) -   the number of the CASE aircraft type 

4F5.3- (11-30) -   the probability the CASE aircraft is killed by 
opposing BD's of types 1 thru 4 respectively. 
Default value is 0. 

F5.3- (36-40)    -   the probability the CASE aircraft is killed by an 
opposing forward SAM.   Default value is 0. 

PKFA Card 

For each aircraft type assigned a forward SAM suppression (FSS) 
mission, one PKFA card is required to specify the probability that such an 
aircraft is killed by an opposing forward SAM in a one-on-one engagement. 
The PKFA card is read under 

FORMAT (A4, Al, II, 4X, F5.3) 

and its fields are defined as follows: 

A4 - (1-4) 

Al - (5) 

II  - (6) 

F5.3- (11-15) 

- "PKFA" 

- "B" or "R" to indicate the FSS aircraft belongs to 
either the Blue or Red forces 

- the number of the FSS aircraft type 

- the probability the FSS aircraft is killed by an 
opposing forward SAM.   Default value is 0, 

A-18 
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PKFS Card 

One PKFS card for each side is used to specify the probabilities 
that a fonrard SAM is killed by forward SAM suppressors.   The PKFS card 
is read under 

FORMAT (A4, Al, 5X, 4F5.3) 

and its fields are defined as follows: 

A4 - (1-4) 

Al - (5) 

4F5.3 - (11-30) 

- "PKFS" 

- "B" or "R" to indicate the SAM being attacked 
belongs to either the Blue or Red forces 

- the probability the SAM is killed by opposing 
FSS's of types 1 thru 4 respectively. Default 
value is 0. 

PKNS Card 

One PKNS card for each side is used to specify the probabilities 
that a non-sheltered aircraft on the airbase is killed by airbase attackers. 
These kill probabilities are only applicable to the fraction specified as 
vulnerable to airbase attack on the ABAF card.   The PKNS card is read under 

FORMAT (A4, Al, 5X, 4F5.3) 

and its fields are assigned as follows: 

A4 - (1-4) 

Al - (5) 

4F5.3 - (11-30) 

- "PKNS" 

- "B" or "R" to indicate the airbase being 
attacked is either Blue or Red 

- the probability a non-sheltered, vulnerable 
aircraft on the airbase is killed by opposing 
ABA's of types  1 thru 4 respectively.   Default 
value is 0. 

A-19 
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PKRA Card 

For each aircraft type assigned a rear SAM Suppression (RSS) 
mission, one PKRA card is required to specify the probabilities that such 
an aircraft is killed by an opposing SAM in a one-on-one engagement. 
The PKRA card is read under 

FORMAT (A4, Al, II, 4X, 2F5.3) 

and its fields are defined as follows: 

A4 - (1-4) -   "PKRA" 

Al - (5) 

II  - (6) 

-   "B" or "R" to indicate the RSS aircraft belongs to 
either the Blue or Red forces 

-   the number of the RSS aircraft type 

F5.3- (11-15)   -   the probability the RSS aircraft is killed by an 
opposing forward SAM.   Default value is 0. 

F5.3- (16-20)   -   the probability the RSS aircraft is killed by an 
opposing rear SAM.   Default value is 0. 

PKRS Card 

One PKRS card for each side is used to specify the probabilities 
that a rear SAM is killed by rear SAM suppressors.   The PKRS card is 
read under 

FORMAT (A4, Al, 5X, 4F5.3) 

and its fields are assigned as follows: 

A4 - (1-4) -   "PKRS" 

Al - (5) "B" or "R" to indicate the SAM being attacked 
belongs to either the Blue or Red forces 

4F5.3- (11-30) -   the probability the SAM is killed by opposing RSS's 
of types 1 thru 4 respectively.   Default value is 0. 

PKSH Card 

One PKSH card for each side is used to specify the probabilities 
that a sheltered aircraft on the airbase is killed by airbase attackers. 

A-20 
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PKSH card is read under 

FORMAT (A4, Al, 5X, 4F5.3) 

and its fields are assigned as follows: 

A4 - (1-4) -   "PKSH" 

Al - (5) -   "B" or "R" to indicate the airbase being attacked 
is either Blue or Red 

i 

4F5.3- (11-30) -   the probability a sheltered, vulnerable aircraft 
on the airbase is killed by opposing ABA's of 
types 1 thru 4 respectively.   Default value is 0. 

REIN Card 

The REIN card is used to specify numerical and/or fractional air- 
craft reinforcements as a function of stage.   The REIN card is read under 

FORMAT (A4, Al,  IX, 12, 4F5.0, 5X, 4F5.0) 

and its fields are assigned as follows: 

A4 - (1-4) -   "REIN" 

Al - (5) -   "B" or "R" to indicate the specified reinforcements 
are for either the Blue or Red side 

12 - (7-8) -   the number of the stage when the reinforcements 
arrive.   In every case reinforcement occurs at 
the beginning of the stage before attrition is 
computed. 

4F5.0- (11-30) -   the number of aircraft of types 1 thru 4 respec- 
tively added (or subtracted if entry is negative) 
at the beginning of the specified stage.   Default 
value is 0. 

4F5.0- (36-55) -   the fractional increase (or decrease if entry is 
negative) in the number of aircraft of types 1 
thru 4 respectively at the beginning of the speci- 
fied stage.   If both a fractional and a numerical 
change are specified for the same stage, the 
fractional change is applied before the numerical 
change.   Default value for the fractional change 
is 0. 
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RUN Card 

The RUN card, which must precede all other input cards, contains 
parameters to control input, execution, and output options.   The RUN 
card is read under 

FORMAT (A3, 7X, 811, 2X, 6A10) 

and its fields are assigned as follows; 

A3 - (1-3) -   "RUN" 

II  - (U)   -   print option 

if 0 or blank input parameters are printed 

if 1 output is suppressed 

II - (12)   -   print option 

if 0 or blank the sets of pure strategies available to 
Blue and Red are printed 

if 1 output is suppressed 

II - (13)   -   print option 

if 0 or blank the set of discrete states corresponding 
to the number of Blue and Red planes available is 
printed 

if 1 output is suppressed 

II  - (14)   -   abort option 

if 0 or blank execution proceeds to normal termination 

if 1 execution is terminated immediately after run- 
time estimates are printed 

II  - (15)   -   BATTLE-TAPE option 

if 0 or blank one-stage battle outcomes for each state 
and pure strategy combination are not available on 
tape and must be computed.   The computed battle 
outcomes are not written and stored on the BATTLE-TAPE 

if 1 one-stage battle outcomes for each state and pure 
strategy combination are not available on tape and 
must be computed.   The computed battle outcomes are 
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written and stored on the BATTLE-TAPE 

if 2 one-stage battle outcomes for each state and 
pure strategy combination are read from the BATTLE- 
TAPE 

debug option 

if 0 or blank debug output is suppressed 

if 1 one-stage battle outcomes for each state and 
pure strategy combination are printed 

debug option 

if 0 or blank debug output is suppressed 

if 1 MAXMIN/MINMAX plays and corresponding 
bounds are printed for each stage and state 

debug option 

if 0 or blank debug output is suppressed 

if 1 beta weights used for linear interpolation are 
printed each time subroutine BETAS is called 

6A10-(21-80) -   optional run title 

J 

STAGE Card 

The STAGE card is used to specify the number of stages in the cam- 
paign and the number of engagement cycles per stage.   It is read under 

FORMAT (A5, 5X, 12, 2X, 12) 

and contains the following values: 

A5 - (1-5) 

12 - (11-12) 

- "STAGE" 

- the number of stages in the campaign for which 
plays and associated bounds are generated (<99). 
Trial wars of longer duration than the number of 
stages specified can not be evaluated. 

12 - (15-16)   -   the number of engagement cycles per stage (<99). 

A-23 
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STRT Card 

The STRT card is used to specify any, all, or none of the fractional 
allocations of aircraft to missions as a function of stage.   One STRT card 
is required to specify each time the allocation fractions change for either 
Blue or Red aircraft types.   If no mission allocation fractions are specified 
for a given stage, ATACMl optimizes strategy selection from the complete 
set of possible pure strategies; if the mission allocation fractions are 
specified for a subset of the missions, the model optimizes strategy selec- 
tion from the associated subset of possible pure strategies; if allocation 
fractions are specified for all missions, the set of possible pure strategies 
consists of a single strategy and optimal selection reduces to the selec- 
tion of this single specified strategy.   Thus by using different combinations 
of STRT cards, ATACMl can be used to evaluate the effects of Blue, Red, 
or both sides using optimal, sub-optimal, or us er-specified strategies 
against its opponent. 

The STRT card is read under 

FORMAT (A4, Al,  IX, 12, 4 (2X, 812)) 

with the fields defined as follows: 

A4 - (1-4) 

Al - (5) 

12 - (7-8) 

- "STRT" 

- "B" or "R" to indicate the specified allocations 
are for either the Blue or Red side 

- the upper bound on the range of stages over which 
the allocations specified are in effect.   The 
lower bound is 1 plus the upper bound specified 
on the preceding STRT card for the same side. 
The lower bound for the first STRT card for either 
side is assumed to be 1.   The upper bound for 
the last STRT card for either side must be greater 
than or equal to the number of stages specified 
on the STAGE card. 

4(2X,8l2)-(9-80) - the fractional assignments of the ith aircraft 
type (l<i<4) to its missions, specified as 
integer multiples of the corresponding minimum 
allocation fraction.   Columns    9-26 correspond 
to aircraft type 1, 27-44 to type 2 , 
45-62 to type 3, 63-80 to type 4.   The 

"■•v 
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integer multiples for the ith aircraft type must 
be specified in the same order as the missions 
are assigned on the MISS card.   To indicate 
that the allocation fraction for a mission is 
unspecified, the corresponding 2 character 
field must be punched with a right-justified 
asterisk ("    *"). 

TRIAL Card 

One TRIAL card is required for each trial war evaluation desired.   If 
input to ATACM1, the first TRIAL card must follow the END card and the 
last must be followed by a FINIS card.   Each TRIAL card is read under 

FORMAT (A5, 5X, 12, 2X, 311, 3X, 4F5.0, 5X, 4F5.0) 

and its fields are assigned as follows: 

A5 - (1-5) 

12  - (11-12) 

II - (15) 

II - (16) 

II - (17) 

4F5.0-(21-40) 

"TRIAL" 

the number of stages in the trial war 

print option 

if 0 or blank the number of planes available and 
the objective function value are printed for 
every stage 

if 1 output is suppressed 

print option 

if 0 or blank the optimal aircraft allocation 
strategies for Blue and Red are printed for every 
stage 

if 1 output is suppressed 

print option 

if 0 or blank the values of each of the three 
objective functions (fi, fy, and i^ as described 
under the OWGHT card) are printed for every 
stage 

if 1 output is suppressed 

the number of Blue aircraft of types 1 thru 4 
respectively available at the beginning of the 
trial war 

A-25 
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the number of Red aircraft of types 1 thru 4 
respectively available at the beginning of 
the trial war 

VALU Card 

One VALU card for each side is used to specify the residual value 
of an undamaged plane at the end of the war.   The units used to specify 
this residual value should be consistent with those used on the CASF card. 
The VALU card is read under 

FORMAT (A4, /I, 5X, 4F5.0) 

and its fields are defined as follows: 

A4 - (1-4) - "VALU" 

Al - (5) - "B" or "H" to indicate the values specified 
apply to either Blue or Red aircraft 

4F5.0-(ll-30)    - the residual value of an undamaged aircraft 
of types 1 thru 4 respectively.   Default value is 0. 

WGHT Card 

Each component, fj, of the overall objective function described 
under the OWGHT card (Equation A-l) can be expanded as 

where 

clt 

f2t   " 

c3t 

T+l 
Um    £   t*   for j = 1, 2, 3 LJ 

t=l jt (A-2) 

weighted difference of Blue minus Red CAS firepower 
delivered during stage t 

bt CASBt - rt CAS Rt (A-3) 

weighted difference of Blue minus Red total firepower 
delivered during stage t 

bt TFPßt " rt rFPRt (A-4) 

weighted FEBA movement during stage t 
bt + rt 
         (FEBA movement during stage t) (A-5) 
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WGHT cards are used to specify the values of the weights bt and rtas a 
function of stage.   Each WGHT card is read under 

FORMAT (A4, Al, IX, 12, 2X, F5.0) 

and its fields are assigned as follows: 

A4 - (1-4) -   "WGHT" 

A1 _ (5) _   "B" or "R" to indicate whether the value 
specified is a Blue or Red weight (t^ or rt) 

12 - (7-8) -  the number of the stage t for which the 
specified weight is applicable 

F5.0 - (11-15) -  the value of the weight.   Default value is 1. 

As an aid to the user. Figure A-3 summarizes the formats of all 
the input cards described above and the default values used if a card is 
not supplied.   With the exception of the TRIAL card, all cards for which 
default values are not specified are required for every run. 

DATA DECK STRUCTURE 

As alluded to in the descriptions of the individual cards, ATACM1 
permits considerable freedom in the ordering of cards within a run deck. 
Table A-3 summarizes the order constraints for those card ^pes subject 
to special restrictions.   The only sequence requirement applicable to cards 
not listed in the table is that they follow the RUN card and precede the 
END card.   Figure A-4 presents a sample run deck with the input cards m 

an acceptable order. 

OUTPUTS 

The possible outputs of ATACMl include the printed output which 
details the results of the run, the TRIAL-TAPE which can be used by 
A?ACM2 to evaluate additional trial wars, and a BATTLE-TAPE containing 
one-stage battle outcomes which can be used to speed the execuUon of 
certain subsequent runs of ATACMl.   Each of these outputs are described 

below. 
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TABLE A-3 

SEQUENCE RESTRICTIONS ON INPUT CARDS 
TO ATACM1 

Card Type Restriction 

RUN First card in the data deck 

STRT In ascending time sequence (e.g., a STRTB 
card for stage i must precede a STRTB card 
for stage j if i<j) 

END Follow scenario and attrition cards/precede 
the optional TRIAL and FINIS cards 

TRIAL Follow the END card/precede the FINIS card 
(optional) 

FINIS Follow TRIAL cards/last card in the data deck 
(optional) 

Printed Output 

Unless explicitly suppressed by the print options listed in 
Table A-4, every run of ATACM1 prints: 

•  both the input deck and the input parameters 
reformatted for readability 

Red 
• the numbers of pure strategies available to Blue and 

• lists of the pure strategies available to Blue and Red 

• the number of possible states 

• a list of the possible states 

• run-time estimates 
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FIGURE A-4 

SAMPLE RUN DECK F0RATACM1 

\ 

-RUN   
STAGE      2   1 
NOIvB    10 
NÜIVH 15 
0IVFÖ 9« 
D1VF« 7. 
GHI081 0 
GK1DB2       0 

-GHIDWI —   —•- 
MISSB1     2   1 

-MISS82 3   3 
MISSHI     2   1 
-STHTI* -2 - I • * 
STRTR  I   0 2 0 
STRTH -2- - • ■ tt- 
RLlNB  2    100 

-RElNH  2 200 
VALUB       B. 

-^ALU«    I«" 
CASFB       2. 

—CASF* 3. - 
OUGHT        0. 

— NbHtB 100 
NSHL»       300 

—NSAMB    30 
NSAMR       20 

— -A8AFB1 1.0 
AUAFB2 1.0 

-ABAFRi   «5 
WGHTB 1 .5 

--PKSHB .20 
PKSHR       .25 

— PKNSB .35 
PKNSH       «50 

--PXR5K   «06 
PKFSR       .08 

__OFHCB _ -- .5 
DFRCR        .8 

— FEBAM1 —— 0. 
PKBAB1      .10 

_ PK8AHI 
PKAAB1      .09 

-_PKAArtl  
PK8DÖ2      .05 

— PKÖüHl — .0* 
PKAt)B2      .03 

 PKADKl «02 
PKBEB2      .05 

_ PKAEB2 .07 
PKFABl      .01 

 PKRABl  .01 
END 
TRIAL   _2 
TRIAL     1  H 
TRIAL   2  
FINIS 

SAMPLE RUN ~ 2 BLUE AIRCRAH TYPESt J RED AIRCRAFT TYPE 

1000 

2.0 1.0 2.0 1.0 
2.0 -2,0 2.U 1.0 
2.0 l.U 2.0 2.0 

1.0 

-50 
40 

-„.5- 
1.0 
.5 

4.0 
1.0 
.5 

.5 

.5 

.5 - 

• l^—.99  -1. 1.01 

.12 ~ 

.11 - 

1. 
.16 
.17 
.15 
.14 

.03 

.01 

200. 

.20 

.21 

.12 

.03 

.02 

.03- 

400 100 
600 200 
800  300 

500 
600" 
800 
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TABLE A-4 

RUN CARD 
PRINT OPTION CONTROLS 

To suppress the 
print of:  

Input parameters 

All possible strategies for Blue and Red 

All possible states 

Punch a 1 in RUN 
card column 

11 

12 

13 

If trial war evaluations are requested during the execution of ATACM1, 
additional outputs are printed under the control of the print option para- 
meters on the TRIAL card.   Specifically, unless explicitly suppressed by 
the print options listed in Table A-5, every trial war evaluation prints: 

• the TRIAL card parameters, the MAXMIN and MINMAX 
bounds on the objective function, and the value of the objective function 
produced by playing Blue's MAXMIN strategy against Red's MINMAX 
strategy 

• the number of planes available on both sides and the 
value of the objective function as a function of stage 

the optimal aircraft allocation strategies as a function 
of stage 

•   the individual values of the three objective functions 
(i.e., Blue-Red CAS Firepower, Blue-Red Total Firepower, and FEBA 
movement) listed as a function of stage 

Figures A-5 and A-6, which were produced by the sample input deck of 
Figure A-4, illustrate the outputs printed under the control of the RUN and 
TRIAL cards respectively. 
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TABLE A-5 

TRIAL CARD 
PRINT OPTION CONTROLS 

To suppress the print 
(by stage) of:  

Number of planes/objective function value 

Optimal strategies for Blue and Red 

All three objective function values 

Punch a 1 in TRIAL 
card column 

15 

16 

17 

BATTLE-TAPE 

The BATTLE-TAPE is an optional output of ATACM1 which contains 
the one-stage battle assessments computed in the initialization phase of 
the run (see Figure A-2).   The BATTLE-TAPE has two potential applications; 

• it provides a partial backup/restart capability should 
an ATACM1 job be terminated abnormally after the battle assessments are 
computed, and 

• it can be used to input rather than recompute battle 
assessments for perturbation runs of ATACMl in which those parameters 
affecting one-stage battle outcomes are unchanged. 

The advisability of specifying a BATTLE-TAPE as an output of a 
long-running ATACMl job should be obvious.   If such a job aborts abnor- 
mally after the BATTLE-TAPE is written, a rerun can be made by simply 
assigning the BATTLE-TAPE as an input, punching a "2" in column 15 of 
the RUN card, and resubmitting the job.   The resubmitted job reads the 
battle as. essments directly from the BATTLE-TAPE, thus saving the time 
required for their calculation. 

In the case of a shorter run, the decision whether to create a 
BATTLE-TAPE depends upon how applicable the computed battle assess- 
ments will be to other related runs of ATACMl.   Table A-6 lists those 
input parameters which can be changed without affecting one-stage battle 
outcomes and thus defines the set of related runs which may share the 
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FIGURE A-6 

■AMPLE OUTPUT PRINTED 
UNDER CONTROL OF TRIAL CARDS 

i 
NUMBER 

THUL   OF 
NUMBER STAGES 

T     2 

TRIAL CARD #1 

NUMBER OF PLANES AVAILABLE 
— BLUE ——     RED — 

2    3^123 

400  100 500 

BLUE 
MAAMIN 

-IDblS 

TRIAL NUMBER 

STAGE 
NUMBER 

NUMBER OF BLUE 
PLANES AVAILABLE 
12   3* 

NUMBER OF RED 
PLANES AVAILABLE 
12   3* 

1    297 
 2-   396 

77 
.91 

0 481 
679 

MAXH1N 
VS . 

H1NMAX 

.-3279 

RED 
MINHAX 

9735 

NAXN1N 
VS 

MINHAX 

-2837 

TOTAL 

442" 
-2837 

TRIAL NUMBER 

PLANE ALLOCATION FRACTIONS «"OR BLUE 

STAGE 
 NUMBER 

PLANE   TYPE/MISSION 
„jt/l 1V2_  1/-7--1/8     2/3     2/4-2/5 2/6 

i50  0.00  0.00     .50   0.00   0.00     .33 .67 
.50  0*00     .50   0.00   0.00   0.00     .33 .67 

TRIAL  NUMBER 1 

PLANE  ALLOCATION  FRACTIONS  FOR  REO 

STAGE 
NUHREft 

—,4_. 
2 

1/1 
PLANE   TYPE/MISSION 

1/2     1/3     1'4 

0.00   1.00   0.00   0.00 
1.00  0.00  0.00   0.00 

Moife 
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FIGURE A-6 (cont'd) 

TRIAL CftRD #1 (cont'd) 

TRIAL   NUMBER 

-STAfiE 
NUM<>'iW 

1 
 g  

BLUE-RED 
CAS 

FIREPOWER 

397 
 --3279- 

TOTAL 

397 
-2682 

BLUE-RED 
ORNO*AIR 
FIREPOWER 

-3279 

TOTAL 

4<»2 
-2*37 

FEHA 
MOVEMENT 

1 
... 0_ 

TOTAL 

TRIAL CARD #2 

NUMBER      NUMbER OF PLANES AVAILABLE ^»N 

-Ä iv&r T--29LUE3-"-I   r"2
RED r-: Ä uSS« H.NMA. OF 

I 

——  BLUE 
1 

'00     200 0 $    600 ■b72l 532'. •lb 

TRIAL NUMBER 

--STAGE 
NUMBER 

BLUE-RED 
CAS 

FIREPOWER TOTAL 

1 —   . 
0 

  

BLUE-RED 
ORNO«AIR 
f1REP0WEH 

-IS 

10TAL 

-15 

FEIA 
MOVEMENT 

-I 

TOTAL 

-I 

:. 

sraaaBsflBsaaafi —^ -—••'■—- 
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FIGURE A-6 (cont'd) 

■nn 

NUMBER 
TRIAL      or 
NUMHtR STAGES 

TRIAL CARD #3 

NUMBER  OF  PLANES  AVAILABLE 
—  BLUE   RED  — 

2 3 4 12 3 

600     300 0     BOO 

TRIAL  NUMBER 

-STA6E  - 
NUMBER 

NUMBER  OF  BLUE 
PLANES  AVAILABLE 
12 3 4 

NUMBER OF  REO 
PLANES   AVAILABLE 
1 2 3 <► 

1 
2 

717     254 
816     295 

0 
0— 

737 
910 

MAXMIN 
BLUE REO VS 
MAXMIN MINMAX M1NMAX 

•VM2 

MAXMIN 
VS 

H1NMAX 

642 
-2751 

6660 •1909 

TOTAL 

642 
-1909 

TRIAL  NUMBER 3 

PLÄNE  ATLOCATION  FRACTIONS FOR  BLUE 

STAGE 
 NUMBER l/l 

PLANE TYPE/MISSION 
1/2  1/7 -l/B  2/3  2/4 2/5  2/6 

.50.0.00 0.00  .50 0.00  .67  .33 0.00 

.50 0.00  «50 0.00  .6/ 0.00  .33 0.00 

TRIAL NUMBER    3 

PLANE ALLOCATION FRACTIONS FOR RED 

STAGE 
NUMBER - l/l 

PLANE TYPE/MISSION 
1/2  1/3—1/4 

0.00-1.00 0.00 0.00 
1.00 0.00 0.00 0.00 
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same BATTLE-TAPE.   For example, to study the sensitivity of war outcomes 
to roinforcoment policies, numerous runs of ATACMl would be required in 
which only the reinforcement parameters on the REIN cards would change. 
In such a case, since reinforcement parameters are listed in Table A-6, 
the BATTLE-TAPE produced by the first run of ATACMl could be used to 
input, rather than recompute, the one-stage battle outcomes required by 
the remaining runs.   The only changes required in the data deck for one 
of these perturbation runs would be the changed REIN cards and a modified 
RUN card with a "2" punched in column 15. 

In the CDC 6600 version of ATACMl, the BATTLE-TAPE is assigned 
the logical file name "TAPE10". 

TABLE A-6 

INPUT PARAMETERS WHICH DC NCT AFFECT 
ONE-STAGE BATTLE ASSESSMENTS 

Card Type 

REIN 

STAGE 

VALU 

WGHT 

Parameters 

Reinforcements 

Number of stages 

Residual value of undamaged plane 

Objective function weights by stage 

Columns 

11-30, 36-55 

11-12 

11-30 

11-15 

! 

TRIAL-TAPE 

The TRIAL-TAPE produced by ATACMl contains the values of the 
major COMMON areas assigned during the execution of ATACMl as well 
as the optimal strategies and associated bounds generated for each state 
and stage of the campaign.   The tape is used exclusively by ATACM2 to 
input those parameters required to evaluate trial wars of varying length 
initiated with differing numbers of aircraft available to the opposing forces 

In the CDC 6600 version of ATACMl, the TRIAL-TAPE is assigned 
the logical file name ,,TAPE4". 

A-42 
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EXECUTION TIME 

One of the most important considerations in the use of ATACM1 is 
the execution time required to generate the results written on the TRIAL- 
TAPE.   There are three phases of calculation necessary for the generation 

of this tape: 

• SETUP - the generation of strategies and states 

• BATTLES - the calculation and output to scratch disk 
(and BATTLE-TAPE if requested) of one-stage battle assessments for each 
Blue-Red strategy combination 

• GAMES - the calculation of the MAXMIN/MINMAX objec- 
tive function bounds and plays for each stage and state 

The time required for SETUP is usually insignificant (2 seconds) compared 
to the times for BATTLES and GAMES.   Run times for these last two phases 
can range from a few seconds for a simple scenario to several minutes or 
even hours for the most ambitious requests. 

Time Estimates 

The run time associated with BATTLES and GAMES is a relatively 
complex function of the total number of aircraft types on both sides, the 
number of Blue and Red pure strategies, the size of the state space, and 
the number of stages and cycles-per-stage in the air campaign being simu- 
lated     To provide the user with estimates of the CPU and 10 times required 
for BATTLES and GAMES, all of these variables were lncorPorf ed^0

ccnn 
empirical formulas derived from numerous test runs made on the CDC 6600. 
The formulas were coded into the subroutine TIMER which prints time esti- 
mates for BATTLE and GAMES before the calculations are performed. 

To use the time estimates produced by TIMER to assess the reason- 
ableness of a particular run before it is submitted for complete execution, 
a preliminary run using the candidate data deck should be submitted with a 
1 punched in column 14 of the RUN card.   All outputs shown in Figure A-5 
through the printing of the time estimates are ^"%ated^n/R^TT^

rm
a
a

n
1
d 

manner.   However, execution is terminated just before the BATTLES and 
GAMES phases of computation begin.   The output which is generated per- 
mits verification of the accuracy of the input data and provides a basis 

jf 
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for determining whether the length of time required for a complete run is 
acceptable.   Because of the minimal effort and cost associated with such 
a data-and-time check, its use is strongly recommended for all but the 
simplest runs. 

Use of the BATTLE-TAPE 

Another consideration related to the execution time of ATACM1 is 
the use of the BATTLE-TAPE.   As described under the outputs of ATACM1, 
use of the BATTLE-TAPE permits the one-stage battle assessments produced 
during the BATTLES phase of calculation to be written and stored on mag- 
netic tape for use in subsequent related runs of ATACM1.   Since the time 
required for the calculation of these battle assessments is typically a 
significant fraction of the total execution time, judicious job sequencing 
which permits the use of a single BATTLE-TAPE for numerous runs of ATACM1 
will produce substantial savings in the total computer time used. 

DIAGNOSTIC MESSAGES 

Diagnostic messages generated by ATACM1 are classified in order 
of increasing severity as 

Information only — anomaly is ignored. INFO: 

ERROR: Processing error — job is aborted at the end of 
the current subroutine. 

ABORT:       Abort — job is aborted immediately. 

Messages which may be produced by ATACM1 are listed and interpreted in 
Table A-7 in approximately the same order they are encountered during pro- 
gram execution. 
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ATACM2 

As depicted in the logical flowchart of Figure A-7, the required 
inputs to ATACM2 are a TRIAL-TAPE written by a previous run of ATACM1 
and the TRIAL cards requesting war evaluations.   In addition to the out- 
comes of the requested trial wars, ATACM2 can print the inputs, the 
strategies, and the states used in the original run of ATACM1 to generate 
the TRIAL-TAPE being read. 

INPUTS 

The TRIAL-TAPE is the primary input to ATACM2 and is assigned the 
logical file name "TAPE^1.   The input deck to ATACM2 consists of three 
card types described previously under the discussion of ATACMl's inputs. 
The first card in the input deck must be a RUN card, the last card must be 
a FINIS card, and the remaining cards must be TRIAL cards.   The formats 
of all three cards are identical to those shown in Figure A-3 with the 
exception that RUN card parameters in columns 14-80 are ignored by 
ATACM2 .   Figure A-8 presents a sample input deck for ATACM2 . 

OUTPUTS 

The outputs produced by ATACM2 are a subset of those produced 
by ATACM1. By specifying the print parameters described in Table A-3, 
the user can elect to print any or all of the following outputs under con- 
trol of the RUN card: 

• the input parameters to the original run of ATACM1 which 
generated the TRIAL-TAPE 

• lists of the pure strategies available to Blue and Red in 
the original run of ATACMI 

of ATACM1 

a list of the possible states generated in the original run 

In addition, for each trial war evaluation requested, ATACM2 produces out- 
puts identical to those described under the outputs of ATACMI which are 
controlled by the print options of Table A-4 and displayed in the se-ple 
output of Figure A-6. 
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Start 

i f 

Read COMMON areas from 
TRIAL^TAPE.   Tiansftu MAXMIN/ 
MINMAX strategies and bounds 
from the TRIAL-TAPE to scratch 
disk 

} 

Read RU N Card 

If requested print 
• input parameters 
• pure strategies 
• states 

Use TRIALS to read 
TRIAL cards and 
generate war outcomes 

Stop 

FIGURE A-7 

LOGICAL FLOWCHART OF ATACM2 
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EXECUTION TIME 

The execution time required for ATACM2 is insignificant relative 
to that required for ATACM1. A typical run requesting the evaluation of 
10 trial wars of 10 stages each will generally take less than one minute. 

DIAGNOSTIC MESSAGES 

Diagnostic messages generated by ATACM2 are classified according 
to the same scheme described under ATACMl.   Table A-8 lists and 
interprets those messages applicable to ATACM2 . 

V 
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APPENDIX B 

PROGRAMMING DOCUMENTATION 

This appendix presents programming documentation for ATACM1 and 
ATACM2 .   Following sections describe the storage requirements for the two 
programs and potential problems associated with converting them to a com- 
puter system different from the current CDC6600.   In addition, FORTRAN 
listings and definitions of the most frequently used variable names are pro- 
vided . 

STORAGE REQUIREMENTS 

In its current form ATACM1 requires approximately 54,000 words of 
core storage, of which about 14,000 are used for program instructions and 
40,000 are used for array storage.   In addition, approximately 2,000,000 
words of scratch disk storage, as described in Table B-l, are requi^ "?d for 
a representative run of the model. 

ATACM2 requires approximately 40,000 words of core storage, of 
which about 8,000 are used for program instructions and 32,000 are used 
for array storage.   Scratch disk requirements for ATACM2 include those 
shown for files TAPE7, TAPES, and TAPE9 in Table B-l — approximately 
16,000 words for a representative run. 

CONVERSION TO A DIFFERENT COMPUTER 

Both ATACM1 and ATACM2 are coded in CDC 6600 FORTRAN EXTENDED 
which is generally compatible with FORTRAN compilers available on other 
major computer systems.   Use of those capabilities of the CDC FORTRAN 
which are unique or less standard was purposely avoided to minimize the 
problem of program conversions.   Subroutine and variable names are limited 
to six characters, the standard H specification is used in FORMAT statements 
for the output of Hollerith strings, multiple assignment statements are not 
used, etc.   ENCODE and DECODE statements are used extensively in the 
subroutine READIN but, if required, they could be eliminated by imposing 
more strict rules upon the order of the cards in the input deck. 

Assuming the problem of FORTRAN compatibility can be resolved, 
the only remaining obstacles to conversion are the core and disk storage 

B-l 
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requirements described above.   Unfortunately, these requirements will 
probably increase rather than decrease in a conversion to another machine 
because of the large 60-bit word used in the CDC6600.   The number of 
words required for program instructions after conversion to a 32 or 36-bit 
word machine (e.g. IBM or UNIVAC) could be as many as twice (60/32 or 
60/36) the number currently required.   Most array and disk storage require- 
ments would be unaffected by a smeller word, the one notable exception 
being the storage used for battle assessments.   In the current versions of 
ATACM1 and ATACM2 ten integer values are required to characterize the 
results of each one-stage battle assessment and these are packed into two 
words.   Eight unsigned integer values are stored in one word (7 bits each), 
and the remaining two signed values are stored in the other word (30 bits 
each).   The most natural allocation of these values on machines with 32 
or 36-bit words would require four words — two for the eight values and 
one word each for the other two.   In a representative run such as that 
described in Table B-i, the one-stage battle assessments for a single state 
which currently occupy 5,000 word? would require 10,000 words in the 
converted programs.   Analogously, the total amount of scratch disk required 
to store the one-stage battle assessments for all states on TAPE1 (see 
Table B-l) would increase from 2 to 4 million words.   To illustrate the im- 
pact of smaller words. Table B-2 summarizes current and estimated storage 
requirements for both ATACM1 and ATACM2 before and after conversion. 

One final consideration in the conversion problem is the possibility 
of reducing the size or complexity of the air campaign which can be simu- 
lated in order to fit the model to the storage available.   The major array 
used for variable storage in both ATACM1 and ATACM2 is a singly dimensioned 
vector called XARRAY.   The location of values in XARRAY are assigned dynami- 
cally depending upon the number of strategies, number of missions, and 
number of states addressed in the scenario being simulated.   The total num- 
ber of words in XARRAY which are required for a particular run is generated 
by 

Total Words Required     =   NBST • NBM+NRST • NRM+ (B-1) 
in XARRAY 2 • NBST • NRST+10 • NSTATE 

where NBST =  number of Blue strategies 

NRST =  number of Red strategies 

NBM =  number of Blue missions per strategy 

NRM =  number of Red missions per strategy 

NSTATE =  number of states 
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In the current versions XARRAY is dimensioned to be 25,000 words long, 
the value of NWORK.   If calculations using Equation B-l indicate fewer 
than 2 5,000 words are adequate for the type of runs which will be made 
on a different computer, both NWORK and the size of XARRAY can be reduced 
to a more compatible value*.   The result would be a commensurate reduc- 
tion in the data array storage requirements shown in Table B-2 ,   Although 
additional reductions beyond those possible by changing NWORK can be 
achieved by reducing other array dimensions, such changes require a more 
detailed understanding of the program structure and would yield consider- 
ably smaller savings relative to the effort required. 

FORTRAN LISTINGS 

Figures B-l and B-2 present FORTRAN listings of ATACM1 and 
ATACM2 as written for the CDC6600 system.   Comment cards in the 
listings describe the functions of the various subroutine while Table B-3 
lists and defines the variable names used most frequently in the two pro- 
grams. 

"rhe only restriction is that NWORK can not be reduced below 6600 
length of NALOCS in READIN. 

the 
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ncuw; B-l 
ATACM1   UST1NG 

PHOGRAM   ATACMl    (0UTPUTtTAPEl«65.TAHE2.TA^t3iTAPE4=65t 
lTAPt5.TAPt6=0UTPUT.TAPE7=65tTAPE8»6btTAPEV«65.TAHEl0-651 

C 
C 
c 

— c 
c 

— c 
c 

..-c 
c 

—c  
c c^  
c 

_C —- 

ATACMl 

VERSION 1.0 MAY. 1975 

100 

im 

   /ATACMl/ IS THE MAIN PROGRAM OF THE ACDA TACTICAL AIR 
CAMPAIGN MODEL WRITTEN PT KETRON. INC. FOR THE US ARMS 

 CONTROL AND Ü1SAKMAMENT AGENCY.  /ATACMl/ CALLS THE 
SUBROUTINES USED TO PROOUCE OPTIMAL CONSERVATIVE PLAYS 

  AND ASSOCIATED MAXMIN/MINMAX OBJECTIVE FUNCTION VALUES 
FOR ALL STAGES AND STATES OF THE CAMPAIGN. 

COMMON /INPUT/ IMISS(8,4»2)»IGRIO(11.4.2)»LASTPtNALOC(8.A). 
1NFRAC(4.2).NSHL(2).NSTAGE.NÜAPST.CASF(4,2).IPRIN1(8). 
1ITITLE(6).VA| U(4.2).PKaD(<».*.2).PKBDES(<».'».2).X6«I0(ll.'».2). 
lPKA0<*.4.2>.PKADES(<».<'.2).PKMA(<n4.2).PKAA(<».4.2) . 
lPKESBD(<».<».2).PKESAO(4.*,2).PKSH(4.2).PKNS('».2».MfciN('.,2.100). 
lW6HT<100.2).XSOHT<8.4.2).NÜIV<2).OwGMT(5).NRSAM(2).NfSAM(2)... 
lPKRS(*.2).PKrS('».2> .ABAF(8.<».2».0IVFP(2) .HKttAFS (4.2) ♦ 
1PKAAFS(4.2).Ft-AARS(4.2).PKAEFS(4,2).PKAERS «..2).PKBEFS(4.2). 
1PKFAFS(4.2).PKRAFS(4.24.PKRAHS(4,2),DFPREU(4.2).FE8A(2.28). 

1REINF(4.2.100» 
' COMMON /WORKN/ NTYPE(2)»NMISS(4.2).NM!SST(2).NGRID(4.2). 
llBLUR0(2).NSTRAT(4.2).NFULST(2).NSTAT.Nlli)GAM.IMPNT(32.2). 
lITPNT(32.2).IDEM(a).NSTRTC(2).lRA(lOO).J«A(loa).LUNI.LUNÜ. 
INWORK.NSTAT2.ISINT(500.2).IÜINT(100.2).INPNT(32.2) 
COMMON /WORKL/ LOCST(500.2).LOCBO.LüCEG.KüCiO.KOCEG.LOCSVR. 
ILOCBVB.LOCEVhf.LOCEVB.LOCBPR.LOCBPB.LOCEPR.LOCEPB. 
IKOCbVB.KOCEVB.KOCBVR.KOCEVR.JOCBVB.JOCEVi.JOCBVR.JOCEVR. 
IIOCBVB.IOCEVB.IOCBVR.IOCEVR     --     .--  
COMMON /WORK/ XARRAY(2SO00) 
COMMON /ERROR/ IERR 
DIMENSION INPUTZ(2680).WORKNZ(1640).WORKLZ(1024).WORNZ(25000) 
DIMENSION IAHRAY(U 
DIMENSION NAMES(fa) 
EQUIVALENCE (IHISS.INPUTZ).(NTYPE.WORKNZ).(LOCST.WOHKLZ) ._. 
EQUIVALENCE (XARRAY.IARRAY.WORKZ) 

- 0ATA((NAMES(I)»I"1.5)=5HSTA«T.6HREADIN.6HPRNTIN.bMiATTLE.5MGAMES) 
DATA (NAMES(6)»6HTRIALS) 
-OATA(IERR«0)   -     - - —        
CALL SECOND(T) 

_ WRITE(LUNO.lüO) T.NAMESd) -- 
F0RMAT(/lX.F9.3.24H CPU SECONDS USED AFTEH .A10) 

-T«TIOCALL(X) 
tfRITE(LUNO.llO) T.NAMES(l) 
F0RMAT(IX.F9.3.24M I/O SECONDS USED AFTER .AIO/)  . 
IERR»0 
CALL READIN        —      -     
CALL SECOND(T) 
*RITE(LUNO.l00) I»NAMES(2) 
T*TIOCALL(X) 
WRITE(LUNO.llO) 
IFdERR .EQ. 1) 

- IFdPRlNTd)   ,EU 
CALL   SECOND(T) 

T.NAMES(2) 
CALL ERRU) 

0) CALL PRNTIN 

oouo 
00120 
OOUO 
00140 
001SÜ 
OOlbO 
00170 
001UU 
00140 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
002V0 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
005H0 
00590 
00600 
00610 
O0620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
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FIGURE B-l (cont'd) 

WHITE(LUNO.lüO) 
T«T10CALL(X» 
WKITE(LUNOtU0> 
CALL INIT 
CALL SECONO(T) 
W«ITF.(LUNO»100) 
T-TIOCALL(X) 
WRITE(LUNOfllO) 
IFdERR .EQ. 1) 
CALL GAMES 
CALL SECONO(T) 
WRITEiLUNOilOO) 
T"T10CALL(X»- 
WRITE(LUNOtllO) 
IFdERR .EQ. i) 

T.NAMESO) 

TtNAHESO) 

T»NAMES<4) 

T*NAMES(4) 
CALL ERR(I) 

TtNAMES(5) 

T<NAHES(5) 
CALL ERRd) 

C 
X— 
C 
C  

WRITE COMMON BLOCKS TO THE TRIAL-TAPt TO BE USED FOR 
SUBSEQUENT SENSITIVITY ANALYSES 

150 
200 

300 

400 

BUFFER OUT (4.1) (INPUTZ»INPUTZ(2680)I 
IF(UNlT(<»n 200»150il50- 
CALL ERRdl) 
BUFFER OUT (Atl) (WORKNZ.WORKNZ(16*0)) 
IF(UNIT(4)) 300»150»150 
BUFFER OUT (A.l) (WORKLZ.WOHKLZ(1024)) 
IFCUNITCO) <.00»150»150 
BUFFER OUT (4.1) (WORKZ.WORKZ(NWORK)) 
IF(UNIT(4)). 500tl5ö»150 

C 
C- 

WRITE VALUE AND PLAY OUTCOMES FOR EACH STAGE ANO 
STATLON-THE-TRIAL-TAPE ANÜ ON SCRATCH DISK  

C 
500- 

52a- 

530 

540 
-550- 

_560- 
600 

-DO 600 I-l.NSTAGE ,.,,,.  
CALL READMS(2.IARRAY(L0CBV9)»NSTAT2.I) 
BUFFER OUT (4.1) (1ARRAY(LOCBVB).IARRAY(UOCEVR)5 
IF(UNIT(4)) 520.150.150 
CALL READMSO. 1ARRAY (LOCBPB) .NSTAT2» I) 
BUFFER OUT (4.1) (I ARRAY(LOCBPB).I ARRAY(LOCEPR)) 

_IF(UNIT(4)) 530.150.150 .- , „ . 
BUFFER OUT (7.1) (I ARRAY(L0CBV8).IARRAY(LOCEVR)) 
_JF(UNIT(7)) 550.b40.540 _.-—     

/*Ai |  FQP(12) 
BUFFER OUT (a.I) (1ARRAV(L0CBP6).IARRAY(LOCEPR)) 
IF(UN1T(8)) 600.560.560 
CALL ERRa3)_   —  - 
CONTINUE 

..CALL TRIALS   — — 
CALL SECOND(T) 

_WRITE(LUNO.lO0) T.NAMES(6)         
T»TIOCALL(X) 
WRITE(LUNOtllO) T.NAMES(6) ■-- 
END 

00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
007U0 
00740 
OOB00 
OOblU 
U0S20 
00830 
OOÖ'.O 
00850 
00860 
00870 
008B0 
00890 
O0V00 
00910 
00V20 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
oioao 
01090 
01100 
oiuo 
01120 
0U30 
01140 
01150 
01160 
01170 
01180 
01190 
01200 
01210 
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riGURi; B-l (cont'd) 

C 
c 
c 
c 
c 
C- 

i 

SUBH0UT1NE BATTLE  _   - -    - 

/BATTLE/ COMPUTES THE RtSULTS OF A ONt-STAGE ENGAGEMENT 
BETWEEN SPECIFIED NUMBEKS OF BLUE AND HtO   GHOUNL) AND AIR 

_    FORCES ALLOCATED TO MISSIONS ACCOROlNb TO SPtCIFlEO   
STRATEGIES. 

*" COMMON /INPUT/ IMISS (Sf 4t2) t IGRID (11 »4.2) .LASTP.NALOC (8.<») » 
1NFRAC(A.2)»NSHL(2)»NSTAGE.NL)APST»CASF(4,2).IPRINI(8». 
UTITLE(6).VALUt'».2).PKBD(<n'n2).PKB:)E5(<.,<..2),X&HI0tH.4.2), 
lPKA0U»'»f2) »oKADLSCin^.S) »PKHA ('»»'».E» »PKAA (<n4.2) » 
lPKES80('»l*.2).PKESAD('.,/«,2)tPK5H(4,2),PKNS(4.2).HEIN(<»»2»100)» 
.1WGHT(100»2I.XS0HT{8.*».a).N0IV(2>.0*GHT(5).NRSAM(2).NFSAM(2). 
IPKRS(4.2)»PKrS(4»2).ABAK<8.'».2).DIVFP(2) »PKBAFS C»^» » 
lPKAAFS(<n2).PKAARS(4»2).PKAtFS(4.?).PKAFRS(4,2>.PK»EFS(4.2)» _ 
IPKFAFSU.2) ,PKRAFS(4.2).PKRARS(<n2).DFPPEü{<»»2).FEllA(2.2a)» 
.1REINF<<H2.100> 
COMMON /WORKN/ NTYPE (2) »NMISS (<i»2) »NM1SST (2) .NGRID(<»»2) » 
1ISLURD(2/»NSTRAT(4,2).NFULST(2).NSTAT.NINGAM.IMPNT(32»2)» 
lITPNT(3Z.2».lDEM(8)tNSTRTC(2).IHA(100).JRA(i00).LUNl.LUNO. 

-lNWORKtNSTAT2.ISINTl500.2».lOINT(100.2).INPNT(32»2) 
COMMON /WORKL/ LOCST(500»2)»LOCBd.LOCEG.HUCBG.KOCEG.LOCBVRt 

-XL0C8VB»L0CEVR.L0CEVB»L0CBPR»L0CBPB»L0CEPR»L0CEPBf 
IKOCBVB.KOCEVH.KOCBVR.KOCEVR.JOCBVB.JOCEVB.JOCBVRtJOCEVR» 

-4IOCt>VB«IOCEVB.I0C8VR.IOCEVR    —    -  —          - 
C 
c- 
c 
-e- 
c 
-c- 

COOEs FOR AIR MISSIONS 

C 
c 
c 

c 
c 
c 

1 - 

3 - 
M ■ 
5 - 
6 - 
7 - 
8 - 
9 - 

CAS 
ABA   -- - 
6D 
ABO     
CAS ESCORT 
ABA ESCORT 
FORWARD DEFENSE SUPPRESSION 
HEAR DEFENSE SUPPRESSION 
NOTHING 

50 

COMMON /WORK/ XARRAY(2S000> 
DIMENSION lARRAYU) 
EQUIVALENCE (XARRAY.IARRAY» 
COMMON /BPARM/ CNP(A.2)rIBR(2)»XNP(9.4,2)»OWJEC(2.5) 
DIMENSION TNP(9,2),REMP(<M2).TCAS0(2).T0TFP(2),H^AM(2).HRSAM(2) 
DIMENSION YNP(9.4,2).TFIRE(2).CAS0{2).CNI»V(4)   " . 
OATA(XNP«T2(0.)»»<YNP«72(0.»)     - ." .  . 
TMOVE=0. 
DO 50 K»l.2  -  - — 
TCASO(K)»0. 
TOTFP(K)«0.         
RFSAM(K)»NFSAM(K) 
RRSAM(K)»NRSAM(K) 
CONTINUE 
00 900 N"I.NDAPST        —    -  . . ._      
XHOVE'O. 
DO 100 M»l»9    _ —  
DO 100 K»l«2 
TNP(MiK)"0»-       

oouo 
OOUÜ 
oouo 
oouo 
OOIbO 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
OOJtt; 
00350 
00360 
00370 
00380 
CO390 
00400 
00410 
00420 
00430 
004^0 
004S0 
00460 
00470 
00480 
00490 
00500 
00510 
00520 
0053C 
00540 
OObbO 
00560 
00570 
00580 
00b90 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
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FIGURE B-l (cont'd) 

CONTINUE 

OETERMINt NUMBER OF SORTIES ALLOCATED TO EACH MISSION 

DO   110  K-lt2 
CASOtK)»0. 
TnRE(K)"NDIV(K)»OIVFP(K) 
IUP«NMISST(K) ■-      
IST«iBR(K) 
IST»L0CST(IST.tO-l    
00   110   1-l.UJP 

-IST«IST*1 
L'INPNTdtK) 
M«IMPNT(ItK)   
J»1TPNT«NK) '  ..     ,  ,., 
XNP(MtJ.K)»XARRAY«IST»»CNP«J»K)»XSORT(LiJ»K) 
rNP(M.JiK)=XNP(MtJ»K) 
TNP(MtK)»TNP(MiK)»XNP(M»J»K) 

CONTINUE 

BATTLE ASSESSMENT 

.00 200 K"l»2 
L■^-K 
XFSAM«RFSAM(L) 
XRSAMsRRSAMtLl 
IHI1»NTYPE(K) 

FORWARD SAM SUPPRESSORS VS FORWARD SAMS 

115 

C 
-C  
c 

: 

-120 
C 

—C  
C 

-125 

1FUFSAM   .EQ.   0.)   60  TO   125 
SUMS«0.       
DO 115 I=ItlHll 
SUMS«SUMS»XNP(7iItK»«PKFS(ItL)     
CONTINUE 
RFSAM(L»«XFSAM'EXP(-SUMS/XFSAM) 

 FORWARD SAMS-VS FORWARD SAM SUPPRESSORS 

XOPP ■TNPITtK)         
IFUOPP .EO. 0.) GO TO 125 
XNENG»AMINl(xOPPfXFSAM) -    
RO«XNENG/X0PP 
DO 120 I»ltlHlL -    -• — _    - 
XNPS«XNP(7.I.K» 
XN«RO*XNPS»PKFAFS(I.K» -- 
XNP<7»I»K»»XNPC7iIiK)-XN 
CONTINUE       -   --   

 REMAINING FORWARD SAMS VS REAR SAM SUPPRESSORS 

X0PP»TNP(8»K)            
IFUOPP   .EQ.   0.)   GO  TO 200 
XFSAM»RFSAM(L>      - - -   -     
IFUFSAM   .EO.   0.»   GO  TO   1*0 
XNEN6»AMINl(X0PPfXFSAM)      
RO«XNENG/XOPP 

B-9 

00700 
00710 
00720 
00/30 
007<t0 
007SO 
00760 
00t70 
007Ö0 
00790 
OOHOO 
ooeio 
00820 
00830 
OOötO 
OOöbO 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
009b0 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
OlObO 
01060 
01070 
01080 
01090 
OUOO 
OHIO 
01120 
01130 
01140 
OUbO 
01160 
01170 
OUBO 
01190 
01200 
01210 
01220 
01230 
01240 
OUbO 
01260 
01270 
01280 

. 
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FIGURr B-l (cont'd) 

130 
C 
C 

140 

i« 

DO 130 JoltlHll 
XNPS»XNP(8tl«K) 
XNsrtO'XNPS'PK^AFS(I»K» 
XNP(8tIfK)«XNPS-XN 
X0PP«X0PP-XN 
CONTINUE 

REMAINING REAH SAM SUPPRESSORS VS REAR SAMS 

'lF(X0PP .LE. 0.) GO TO 200 
IFURSAM .EQ. 0.) GO TO 155 
SUMS'O. 
DO 1^5 I«lilHll 
SUMS>=5UMS*XNP(8.ItK)«PKRS<I»U 

CONTINUE 
RRSAM(L)=XRSAM»EXP(-SUMS/XR5AM) 

C- 
c REAR SAMS VS REMAINING REAR SAM SUPPRESSORS 

150- 
C 
C  
C 

755 

XNENG=AMINl(XOPPtXRSAM) 
._ R0«XNEN5/X0PP  
00 150 loltlHll 

_ JINPS»XNP(8»I.K)    - 
XN«H0»XNPS»PKHARS<I»K). 
JlNPCB.i»K)rXNPS-XN  - - 
• X0PP»X0PP-XN 
. CONTINUE — -   

 FORWAROlSAMS VS RETURNING REAR SAM SUPPRESSORS^ 

160 
200 

■C— 

_ir(X0PP   .LE.   0.)   GO   TO  200 
IFUFSAM   .EO,   0.»   GO  TO  ZOO 
XNENGsAMINlUOPP.XFSAM) 
RO»XNENG/XOPP 

-  X»0   160   1«1»IHI1   
XNPS«XNP(8»I.K) 

—XN«RO«XNPS»PKRAFS(I.K> 
XNP(8.1.K)«XNPS-XN 

-CONTINUE           
CONTINUE 

00  700   K«l.2 
L-3-K          
1HI1«NTYPE(K) 

-IMI2»NTYPE(L> 
XFSAM«RFSAM(U 
XRSAM»RR5AMiL> 

C 
c- 
C 

FORWARD SAMS VS CAS ESCORTS 

H01»l.   
XATT«TNP<S.K) 
XOPP»TNP(3.L)         
IFUATT   .EO.   0.)   GO  TO  310 
IFUFSAM   .EQ.   0.)   GO  TO  250 
XNENG=AMINI(XATT.XFSAM) 
RO'XNENG/XATT-   
DO 225 I»l»lHll 
-XNPS"XNP(5tI.K) 

01240 
01300 
01310 
01320 
01330 
01340 
01350 
01360 
01370 
01380 
01390 
01400 
0U10 
01420 
01430 
01440 
01450 
01460 
01470 
01480 
01440 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
01820 
01830 
01840 
01850 
01860 
01870 
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FIGURE B-l (cont'd) 

22S 
C 
C   _ 
C 

2S0 

300 
-^U0- 

-150- 
C 
C — 
C 

360 
C-- 
C 

—370 

XN«HO»XNPS«PKBEf o(1tK) 
XNP(5»!.K»*XNPS-XN 
XATT»XATT-XN 
CONTINUE 

CAS  ESCORTS  VS BO 

IFUATT   .LE.   0.1   60  TO  310 
IFUOPP   .EO.   0.»   GO  TO  310 
XNENGaAHlNHXATT.XOPP» 
ROsXNENG/XOPP 
ROA»RO/XATT 
ROl-l.-RO 
00 300 I'ltlHll   _ . . .. 
DO 300 J-1»IHI2 
XNPbH«XNPCS.I.KJ       
XNPSR=XNP(J.J»L) 
XN-XNPSB'XNPSR'ROA 
XNP < 5 »I.K)xXNPSB-PKtSBO(J.I»R)»XN 
XNP(3tJtL)»XNPSR-PNB0ES<I»J»L»«XN 
CONTINUE 
00 350 J"lilHl2   —    --   
REMPU.U"YNP(3»JiL)»R0l 
CONTINUE «  

1 FORWARD SAMS VS CAS _    

XATT»X0PP*R01  
XCPP*TNP(1»K) 
R01«l.   •  
IFUOPP   .EQ.   0.1   GO  TO 410 
IF(XFSAM   .EQ.   0.»   GO  TO  370 
XNENG=AMINlJxOPPtXFSAMJ 
ROBXNENG/XOPP              
00 360 I>l*lHll 
XNPS*XNP(lfI.K» 
XN»HO«XNPS»PKBAFS(I tK» 
XNP(1>I»K» »XNPS-XN   
YNP(ltIiK)sXNP(ltI«K) 
X0PP"X0PP-XN 
CONTINUE 

BO NOT  ENGAGED  VS CAS 

400 

C 

IFUOPP   .LE.   0.)   GO  TO 410 
IFUATT   .EQ.   0.)   60  TO  410       — 
XNENG«AMINl(XATT.XOPP) 
R0«XNEN6/X0PP      '               - 
ROA»RO/XATT 
ROl»l.-RO              — 
00 400 I>ltlHIl 
00 ^00 J«lilHl2-     —-   --• 
XNPS^XNPd.ltK» 
XN»HEHP(J.L)»XNPS»ROA .- 
XNP(3.J»L)«XMP(3tJ»L)-PKBü(l»J»L)»XN 
XNP(l.ltK)«XNPS-PK8A(JtI.K)»XN   
CONTINUE 

ACCUMULATE CAS ORDNANCE DELIVERED BY CAS NOT ENGAGED 

01880 
01840 
01900 
01V10 
01920 
01930 
019*0 
01950 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
02030 
02040 
020*0 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
02160 
02170 
02180 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
02270 
02280 
02290 
02300 
02310 
02320 
02330 
02340 
023t.O 
02360 
02370 
02380 
02390 
O2400 
02410 
02420 
02430 
02440 
024*0 
02460 

I 

B-ll 

^ssssussa^sc 





" -*., mwummmmm '^mm^mm^r^^mnm ..  M   . n 

PAB-249 

FIGURE B-l (cont'd) 

5^0 
540 

550 
C 
C 
C- 

h 
560 
C 
C- 
C 

~sTö 

XNENG'AMINI(XATTtXFSAM) 
RO-XNENG/XATT 
DO  b20   I'I.IHIJ 
XNPS>XNP(6tItKI 
XNP(6iItK)»XNPS-XNPS«HO»PKAE>S(I»K) 
CONTINUE 
DO 550 J«l«InI2 
«EMP(J.L)»YNP<<»»J.L)#«01 
CONTINUE 

FORWARD SAMS VS ABA 

XATT«XOPP»ROl 
X0PP=TNP(2»K» 
R01"li 
IF(X0PP   .EQ.   0.»   GO  TO  640 
irUFSAM   .EQ.   0.)   GO  TO  570 

- XNENG'AMINKXOPPiXFSAM) -   -   -  - 
RO«XNENG/XOPP 

.00 560 I«l«lHll        
XNPS*XNP(2fIiK) 

-XN»H0»XNPS»PKAAFS(IiK) 
XNP(2.ItK)»XNPS-XN 

. VNP(2.ItK)»XNP(2tI»K) ,. 
XOPP-XOPP-XN 
CONTINUE    . _ ._ -  ..---  -   - 

    REAR SAMS VS ABA  - — 

560 
C 
-C  
C 

590 

600 
C 

-1F<X0PP .LE. 0«) GO TO 640. 
IF(XRSAM .EQ. 0.» GO TO 590 
XNENG«AMlNl(XOPPtXRSAM)     
RO»XNENG/XOPP 
DO 580 l«l«lHll   —      
XNPS»XNP«2»ItK) 
XN»RO»XNPS«P«AARS(IfK)   _.. - -   
XNP(2.IiK)»XNPS-XN 
yNP(2.ItM«XNP(2»I»K»  — —  -  — 
XOPP"XOPP-XN 
-CONTINUE  -      - 

.. - ABO NOT ENGAGED VS AB* 

-IF(X0PP .LE. O.J-OO TO 640 
1F(XATT .EQ. 0.» GO TO 610 
XNENG»AMINl(XATT.XOPP) 
RO«XNENG/XOPP 
ROA-Rü/XATT        —  -  --  - 
BOl»l.-RO 
DO 600 I»ltlHll           — 
00 600 J«I«IHI2 
XNPS»XNP(2»I.K) - - 
XN>REMP(JtL)»XNPS'ROA 
XNN»PKAA(J»1«K)«XN 
XNP(2.1tK)=XNPS-XNN 

- XNP(4.J.L)=XNP(4tJ«L)-PKA0(ltJtU»KN 
X0PP=X0PP-XNN 
CONTINUE        —   

03060 
03070 
0J0B0 
03090 
03100 
03110 
03120 
03130 
03140 
03150 
03160 
03170 
03180 
03190 
03200 
03210 
03220 
03230 
03240 
03250 
03260 
03270 
03280 
03290 
03300 
03310 
03320 
03330 
03340 
03350 
03360 
03370 
03380 
03390 
03400 
03410 
03420 
03430 
03440 
03450 
03460 
03470 
03480 
03490 
03500 
03bl0 
03520 
03530 
03540 
03550 
03560 
03570 
03580 
03590 
03600 
03610 
03620 
03630 
03640 

B-13 
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FIGURE B-l (cont'd) 

C 
C 
610 

620 
-6*0 

~6b0 
700 

_C— 
C 

rORWARO  SAMS  VS  RETURNING  ABA 

JMKOPP   .LE.   0.»   &0   TO   640 
IMXFSAM   .LE.   0.)   GO   TO  640 
XNENG»AHIN1(X0PP.XFSAM) 
ROaXNENG/XOPP 
1)0 620 l*l*iHll 
XNPS=XNP(2.I.K) 
XNP(2il.K)«XNPS-XNPS«RO«PKAAPS(ItK) 

CONTINUE 
00 6S0 I"lflHll - 
REMPIIiK)«YNP<2»I«K)»R01 
CONTINUE      —           
CONTINUE 

COMPUTE AlRCRAFf ON GROUND KILLED BY AMA NOT ENGAGED 

 T20_ 

730 

 7*0 

~ 750 

DO 800 KM.2 
L«3-K   -  
IHIlaNTYPE(K) 
-IHI2«NTYPE(L)   
ATTK»0. 
TARG«0.  
SUMSsO. 
SUMNaO .      :  
DO 715 J'ltlHie 
IUP«NMISS(JiL) -   - 
CNPUtL»»0. 
CNPV(J)»0.  _    
DO 710 M»1»IUP 
IM«lHISS(MiJ.L)  
CI:'»XNP(IMiJ.L)/XSORT(MiJ»L) 
CNP(JtL)=CNP(JiL)*CP  - 
CNPV(J)«CNPV(J)»CR'AOAF(MtJ»L» 
CONTINUE  -  _J   
TARG«TARG*CNPV(J» 
CONTINUE...     
IF(TAR6 .EO. 0.) GO TO 800 
NTARG»TARG  - - 
TARüS=AMINO(NSHL(L»iNTARG> 
TARGN^NTARG-TARGS    
RS«TARGS/TARG 
RN»1.-RS    . .    
DO 720 I*lilHll 
CP»REMP(ItK)   
ATTK»ATTK»CP 
SUMSaSiJMS»CP»RS*PKSH<ItL> 
SUMN»SUMN»CP«RN»PKNS(I.L) 
CONT1NUE- 
IFCATTK .EO. 0.» GO TO 800 
TSNK'O. 
1F<TARGS .EQ. 0.» GO TO 730 
TSNK«TARGS»EXP(-SUMS/TARGS) 
TNNK»0. 
IFdARGN .EQ. 0.) GO TO 740 
TNNK»TARGN»EXP(-SUMN/TARGN> 
FR«=1.-ITSNK*TNNK)/TARG   
DO 750 J«l»lHl2 
CNPUtL)«CNP(J.L)-CNPV(J)»FH 
CONTINUE 

03650 
03660 
03670 
03680 
03690 
03700 
03710 
03720 
03730 
03MÜ 
03750 
03760 
03770 
03780 
037VC 
03800 
03810 
03820 
03830 
03840 
03650 
03860 
03870 
03880 
03890 
03900 
03910 
03920 
03930 
03940 
03950 
03V60 
03970 
03980 
03990 
04000 
04010 
04020 
04030 
04040 
04950 
04060 
04070 
04080 
04090 
04100 
04110 
04120 
04130 
04140 
04150 
04160 
04170 
04180 
04190 
04200 
04210 
04220 
04230 
04240 
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FIGURE B-l (cont'd) 

600 

805 

610 
610 

820 

830 

850 
900 
C 
C— 
C 

920 

CONTINUE 
00 605 K*l«2 
TCAS0(K)«TCAS0(K)»CAS0(K) 
CONTINUE 
BTrPsAHAXl (O.tTFIREd) I 
RTrP«AMAXI(0.tTFIRE(2)l 
T0TFP(l)«T0IFP(n»BTrP*CAS0(l) 
T0TFP(2)=T0TFP(2>*RTFP»CAS0<2) 
IF(FEBA<1«U .E0. -l.> GO TO 900 
FHATIO*100. 
IF<RTFP .EO. 0.) 60 TO 810   
FHATIO«BTFP/RTFP 
IF(FRATI0 .GT. 100.) FRATIO»100. 
GO TO 615 
IFJBTFP .EO. 0.) FRATIO«1.0   
DO 820 1=2.28 
IF<FRAT10 .LE. FEBA(l.I)) GO TO 830          - 
CONTINUE 

XM0WE«FE8A(2,I-r)^fRATlÖ-FEHA<l.I-l»>»(FtBA(2.I)-FE8A<2.I-l))/ 
UFEöAU.D-FtBAll»!"!))     -- -    -       _  -   . 
TMOVEsTMOVE»XM0VE 
CONTINUE    -      -    -" 

 ASSIGN OBJECTIVE FUNCTION VALUES  -     -   •--•- 

DO 920 K«1.2          .--_—-     
O8JEC(K.«l)»TCAS0(K) 
0BJEC(K.2)»T0TFP(K)  -     -        - 
CONTINUE 
0BJEC(l»3»«TM0VE/2.     -        
OBJ£C(2*3)3-oBJEC<lt3) 

-RETURN   
ENO 

SUBROUTINE BETAS    

- /BETAS/ COMPUTES THE «EIGHTS USED FOR LINEAR INTERPOLATION 
BETWEEN GRID POINTS IN THE STATE SPACt. 

COMMON /INPUT/ IMISS<fl.A.2».IGRID(11»*.2)»LASTP.NAL0C(8.4)t 
lNFRAC(«»2).NSHL(2).NSTAGE.NOAPST»CASF(<».2».IPRINT(8)f 
1ITITLE(6) tVALU(<n2) IPKBD(4»'»»2).PKB0ES(*I*»2)IXGKID(H.<M2)» 
1PKADU.^2) .PKADE5(<n<f.2) .PKBA(<t»'n2^.PK»A(4,4.2) . 
1PKESBOU»*»2».PKE5AD(*.4.2).PKSH(4.2).PKNS(<M2).M£IN(<H2.100). 
1WGHT<100.2).XSORT(8.4.2).NDIV(2).0'«<GHT(5)»NRSAM(2).NFSAM(2). 
1PKRS<<H2) .PKFS(*.2) .AB4F(8.<»»2) .D1VFP(2» .PKBAFS('»t2) . 
1PKAAFS(<».2) .PKAAKS<4.2) >PKAEFS(<H2) .PKAERS («».2) »PKBEFS (4»2» t 
IPKFAFS(<..2) .PKRAFS(4t2) »PKRARS(4f2) .DFPR£Ü(4»2) .FEliA<2.28) . 
lREINF(<»t2tl00)   - . 
COMMON /WORKN/ NTY^E(2).NMISS(4,2).NMISST(2).NGR10(4.2). 
ilBLUR0(2).NSTRAT(<n2).NFULSTt2).NSTAT.NIN&AM.IMPNT<J2.2>» 
1ITPNT(32.2I.IDEM(8).NSTHTC(2).IRA<100)»JRACIOO).LUNI.LUNÖ. 
1N«ORK.NSTAT2.ISINT(500.2)tIiJlNT<100i2).INPNT(32.2) 

0<i2i>0 
04260 
04270 
042HO 
042VU 
04300 
04310 
04320 
04330 
04340 
04350 
04360 
04370 
04380 
04J90 
04400 
04410 
04420 
04430 
04440 
04450 
04460 
04470 
04480 
04490 
04500 
04510 
04520 
04530 
04b40 
04550 
04560 
04570 
04580 

00110 
00120 
00130 
00140 
OOlbO 
00160 
00170 
ooiao 
00190 
00200 
00210 
00220 
002J0 
00240 
002b0 
00260 
00270 
00280 
00290 

V 
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100 

150 

I75 

190 
200 

900 

910 

r'AB-2'19 

F1GURL U-l (cont'd) 

COMMON /WOHKL/ LOCST (500.2) tLOCHG.LGCF.G.KOCMGiKOCEGiLOCiVHt 
ILOCBVB.LOCEVW.LOCEVÖ.LOCHPR.LOCBPH.LOCEPR.LOCEPB. 
IKOCaVB.KOCEVH.KOCyVK.KOCEVR.JOCBVB.JOCEVi.JOCBVR.JOCEVR. 

MOCBVBflOCEVH.IOCBVK.IOCEVR 
COMMON /BPAHM/ CNP<H1.IB.IR.XNP(9,^.2).OiJEC(2.5) 
COMMON /INTEHP/ BETA(2.8).IBETA(2.B)»NOEX(B).IHI(8) 
DIMENSION YGMIO(U.B) 
EQUIVALENCE (XGHID.YGR1D) -   — —       
DO 200 K=l.8 
DO 100 M=2.U 
1F(CNP(K)-YGRID(M,K)) 150.150.100 
CONTINUE      _ .  _ - 
M«ll 
N»M-1 
IBETA(l.K)»N-l 
IBETA(2.K)»M-1 
Dir»YGRID(M.K)-YGRID(N.K) 
IF(DIF .EO. 0.) GO TO 175 
BETA(l.K)»(YG«ID(M.K)-CNP(K))/OIF 
GO TO 190      -     -     .-      -   
BETA(1.K)«1. 
-IBETA(2.K)»0      
BETA(2.K)B1.-BETA(1«K) 

CONTINUE     - - 
1F11PRINT{8) .EQ. 0) RETURN 

.-*RITE(LUNO.900) IBETA        — 
F0PMAT(/.8H iBETAS«.2(ei5/8X)) 

- W«ITE(LUN0.910) BETA         
FORMAT(7H BETAS«.2(8F5,2/7X») 
RETURN     
END 

00300 
U0310 
00320 
00330 
003<»0 
00350 
00360 
00370 
003HO 
00390 
00400 
0OM0 
00<»20 
00<fJO 
00<*40 
O$450 
00460 
00470 
00480 
004VÜ 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 

C 
C 

SUBROUTINE   EK^K)      — 

   /ERR/   IS  CALLED  TO  PRINT A   DIAGNOSTIC   OH  ERROR  MESSAGE. 

COMMON   /INPUT/   IMISS (B.4.2) . IGRID (11 .'t .2) .LASTP.NAL0C(8.4) .   ... 
1NFRAC(4.2).NSHL(2).NSTAGE.NUAPST.CASF(4.2).IPRIN((8). 
11TITLE(6) .VALUU.2).PKBD(4.4.2)»PKBDES('n'n2).XGHI0(11.4.2), 
1PKAD(4.4.2) ,PKADES(4.4.2).PKBA(4.4.2).PKAA(4.4.2). 
iPKESBD{'n^.2).PKt:SAO(4.4.2).PK5H(4.2).PKNS(4,2).HeiN(4,2,100). 
1WGHT(100.2).XSORT(8.4.2).ND1V(2).OWÖHT(5).NRSAM(Ü).NFSAM(2). 
lPKRS(4,2).PKFS('».2).ABAF(e.4.2),DIVFP(2).PK8AF5(4,2), 
lPKAAFS(<t.2) .PKAAR5(4.2) .PKAtF5(4,2) .PKAERS(4.2) .PKBk.FS (4,2) . 
lPKFAFS(<».2).PKRAFS(4.2).PKRARS«..2).t5FPREü(4,2).FEBA(2.2e). 

1REINF(4.2.IOO) 
COMMON /WORKN/ NTYPE(2).NMISS(4.2).NM1SST(2).NGRID(4.2). 
1IBLURD(2).NSTRAT(4,2).NFULST(2).NSTAT.NIN6AM,IMPNT(32.2). 
1ITPNT(32.2).IDEM(8).NSTRTC(2).IRA(100).JKA(100).LUN1.LUNO. 
1N*<OHK,NSTAT2.ISINT(500.2).IOIHT(100.2).INPNT(32.2) 
COMMON /KORKL/ LOCST(500.2).LOCBG.LOCEG.KUCBG.KOttG.LOCBVH. 
1L0CBVB.LOCEVH.L0CEVB.LOC8PR.LOCBPB.L0CEPR.LOCEPJ» 
1K0CBVB.K0CEV3.K0C8VR.K0CEVR.J0CBVB.J0CEVB.J0CBVR.J0CEVR» 
UOCBVB. I0CEVB. I0CBVR. I0CEVR 
^ COMMON /ERRORA JERR         _        

00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
001V0 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
002B0 
00290 
00300 
00310 
00J20 
00330 

B-16 
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FIGURE B-l (cont'd) 

u 

100 

DIMENSION   IMESSG(6.30).IEHROH(3).ItTyPE<30) 
DATA(IMESSG=180«1H   )) „„ .,^. 
DATA(IERROR=10H««»INFO»»«.10H»»»ERROR»«ilüH««»ABO»<I««> 
0ATA(IMESSG(ltl)»3IHHUN   ABORTED   DUE   TO   FAIAL   ERRORS) 
DATA(IMESSG(1.2)«2aH0ATA  CARÜ   KEY   NOT   RECOGNIZED» 
DATAdMESSGdO^SHTOO MANY PURE SIRATEGltS TO HE STORED IN CORE) 
OATA(IMESSG(lt*)"MHTOO MANY STATES TO STORE VALUES AND PLAYS) 
OATA(IMESSG(1.5)-'»3HNOT ENOUGH COMMON AREA TO STORE GAME MATRIX) 
0ATAaMESSG(1.6)"^H8UFFER OUT ERROR TO TAPtl IN SUBROUTINE INIT) 
OATA(IMESSG(li7)«'!*0HUSER REQUESTED ONLY A DATA CHECK AND TIM) 
OATA(IMESSG<St7)-lOHE ESTIMATE) 
DATAdMESSGUtS^OHSUM OF SPECIFIED ALLOCATIONS EXCEEDS 1.0) 
DATA(IMESSG(1,9)"32HSMALLEST GRID LEVEL MUSt BE ^ERÜ) 
OATA(IMESSG(l.I0)=*0HBUFFER IN ERROR FROM TAPE1 IN SUBROUTINE) 
OATA<IMESSG(5.10)=6H GAMES) 
DATA (IMESSG (1111) »<»1H8UFFER 
DATA(IMESSG(1i12)»41HBUFFER 
.DATA(IMESSG U 113)=^IHBUFFER 
DATA < IMESSG»111«») =<»0HBUFFER 
0ATA(IMESSG(5»1<»)=7H TRIALS) . „ 
DATA(IMESSG«It 15)=AOHBUFFER IN ERROR FROM TAPES IN SUBROUTINE) 
.DATA(IMESSG(5tI5)=7H TRIALS^ 
OATA(IMESSG(ltl6)B33HRUN CARD MUST PRECEDt 
.DATA(IMESSG«l.l7)a38HTRIAL CARD IGNORED — 
OATA(IMESSG(l»ie)s<.0HTSIAL CARD IGNORED — 
DATA(IMESSG(5*18)=7HQUESTED) 
OATA(IMESSG(ltl9)=^0HT5IAL CARD IGNORED " 
0ATA(IMESSG(5.19)=19H ONE TYPE SPECIFIED» 
OATA(IMESSG(1.20)=<t0HDISK I/O ERROR ÖN TAPE9 IN SUBROUTINE T«) 
OATA(IMESSG(5«20)»<»HIALS> -- 
DATA(IMESSG(lt21)»<»0Hei)FFER OUT ERROR ON IAPE9 IN SUBROUTINE ) 
-DATA(IMESS6(5.21)=6HREADIN) 
DATA(IMESSG(lt22)=42HBUFFER IN ERROR FROM TAPE« IN MAIN PROG»AM) 

-DATA(IMESSG(1.23)«*0H1F ALL ALLOCATIONS AH£ SPECIFIED THEY MU) 
0ATA(IMESSG(5.23)*13HST SUM TO I.O) 

-OATA(lMESSG(lt2<»)»3aHI/0 ERROR ON TAPEIO IN SUBROUTINE INIT) 
OATA(IMESSG(lt25)=40HSTRATEGIES NOT SPECIFIED THRU THE LAST S) 
DATA(IMESSG(5t25)«16HTAGE OF CAMPAIGN) 
DATA(IMESSG(lt26)x«0HBUFFER IN ERROR ON TAPE9 IN SUBROUTINE I) 
DATA(IMESSG(5»26)=3HNIT) -  *      —        
DATA(IETYPE«3.2.6(3)i2,7(3).3(l).A(3»f7(3H 
IDERR=IETYPE(K)  —        
WRITE(LUND.100)   1ERROR«IOERR)•(IMESSG(I»K)»I»!16J 
FORMAT(/«lXtAlO»lX.6AlOt/) ----- - ■ —- 
IFdDERR   .EO.   3)   STOP 
IFdDERR  ,EO.   1)   RETURN  
IERH«! 
RETURN                • 
END 

OUT ERROR TO TAPE« IN MAIN PROGRAM) 
OUT ERROR TO fAPE7 IN MAIN PROGRAM) 
OUT ERROR TO (APES IN MAIN PROGRAM) 
IN ERROR FROM TAPE7 IN SUBROUTINE) 

TRIAL CAROS) 
INCORRECT FORMAT) 
TOO MANY5TAGE5 RE) 

TOO MANY PLANES OF) 

00340 
00JS0 
00360 
00370 
00380 
00390 
00400 
0U410 
00420 
00430 
00440 
004S0 
0046U 
004/0 
04480 
00490 
OObOÜ 
00S10 
00b20 
00SJ0 
00S40 
OObbO 
OOSbO 
00S70 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
0)670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00790 
00800 
00810 
00820 

  SUBROUTINE GAMES 
C 
C 
C 
C 
C 

/GAMES/ PERFORMS A DYNAMIC PROGRAMMING BACKBAHO PASS 
COMPUTING FOR EACH STAGE AND STATE THt MAXMIN AND MIUMii 
STRATEGIES AND ASSOCIATED OBJECTIVE FUNCTION VALUES fO" 
BOTH BLUE AND RED. 

tnHIMiHriitl'iiniiii 

00110 
00120 
00130 
00140 
00150 
00160 
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FIGURr B-l (cont'd) 

COMMON   /INPUT/   IMISS(8t4.2) t IGRIO ( U f<. .2) .LASTP.NAL0C(8t<i) . 
INFHACC<.I2),NSHL(^) .NSTAGEfNUAPSTtCASfC.2»»IPRINl(ö)i 
lITITLE(6»«VALU('»f2).PKP0(<n'n2) iPKbüES <^»<»« 2) .XSHIDC11 t<n2) t 
lPK4U(4»'».2).PKADf.S(^i<»»2» iPKBA(<»i<.i2).PKAA('.t<»,2) t 
lPKEbaU(<»i<».2) ,PKESAD(<.i«n2>.PKSH(4,2».PKNS(<n2)tHEIN<^.2.100)t 
lWGHT(l00t2).XSORT<ai4.2)iNDIV(2)iOi«(GHT(b) tNkSAM (2) tNFSAM (2) t 
1PK»SU.2> tPKFS(4.2).AÖAF(a<'»»2).DIVFP(2) tHKKAFS (^12» » 
lPKAAFS(<n2)»PKAAHS<<»t2)iPKAtFS(<n2)»PKAEHV.(<..2)iPK»EfS(<».2)t 
1PKFAFS(<H2) fPKRAFS('»i2) .PKRAHS(4t2) .DFPHEÜ(4,2) .^EBA(2^28) . 
lRElNr(<n2tl0a> m-tJ    _, 

COMMON   /WOHKN/   NTTPE(2)«NMISS(4f2) .NMIS5T(2).NG«lD(4f2). 
nBLURü(2).NSTRAT(4t2).NFULST(2).NSTATtNlNGAMtIMPNT(J2.2>t 
lITPNT(32t2).IÜEM(8).NSTHTC(2).IRA(100)tJKA(lO0)iLÜNI.LUNOi 
lNWO«K.NSTAT2.ISINT(500.2).IDlNT(l0Ot2)tlNPNT(32i2) 

COMMON   /WORKL/   LOGST (500t2) .1-OCKGtLOCF.G.KüClüGtKOCEG.l.OCBVR. 
_ lL0CÖ</BtL0CEVR»LÜCtVB.L0CBPR.U0C8PB.L0CEPH»L0CEPB» 

IKOCHVBfKOCEVö.KOCHVR.KOCEVR.JOCBVBtJOCEVBtJOCBVRtJOCfcVRt 
 lI0CBV3»I0CEVS»IüCaVH»I0CEVR 

COMMON /INTEHP/ «ETA(2,8)iIBtTA(2.8)tJl♦J2.J3tJ4fJ5»J6,J7iJ8i 
 JJHII.JHI2»JHI3,JHI4,JMI5,JHI6,JHI7«JM18 

COMMON /IPARM/ DtLTA(8),JBETA<2,8,128),XiETA(2,8tI2H),HlT{8) 
 COMMON   /ROUND/   J0EX(4,2»2) 

DIMENSION   MVEC(8).NVECtB) 
EaUlVALENCE(MVEC.J0£X(l,ltl))«(NVEC,JDEX(lili2>) 
COMMON /WORK/ XAHRAY(25000) mMmMt    _, 
DIMENSION JHn8)»JVEC(8)iNDEX(8).BMlNt50Q)»RMAX(500)«IARRAY<l) 
DIMENSION IVtRT(Ö,256)»IBSINT(500).IRSINT(b00) 
EQUIVALENCE <ISlNT (1.1),IBSINT) . (ISINT(1.2),IRSINT) 
EOUIVALENCE(XARRAY,IARRAY).(NOEX»Jl)t(JHI,JMIl) 
DIMENSION SEIN(8,l00)«SEINF18,i00)   -   -   -   -— 
EQUIVALENCE (REINfSEIN),(REINF.SEINF) 
COMMON /TEMP/ IPPNT(8),TEIN(Ö),TEINF(8)»NPTT   
DATA(JDEX.l6(0)),(JVECa8(0)».(JHI-8(l))f(iVERT«2048(i)) 
NPTT=NTYPE(l)*NTYPE(2) 
MPTT«NPTT 
M«<»-NTYPE(1) 
DO  25  NN«l,NPTT 
JHI(NN)«2 -      
N-NN 
IF(N   .GT,   NTYPEd))   N»N»M 
IPPNT(NN)»N 
CONTINUE —       - 
IF(IPPNT(NPTT)   .EQ.   8)   MPTT=MPTT-l 
ICNT = 0   - —   
DO 
DO 
DO 
DO 
DO 

-00 
DO 

-4)0 

50 
50 
50 
50 
50 
50 
50 
50 

J8=ltJHl8 
J7«l,JMl7 
J6M» JHI6 
J5=ltJHlS 
J4«I.JHI4 
J3=l»JHl3 
J2=l»JHl2 
Jl'UJHlI 

ICNT»! 
NN*1»NPTT 

SO 

ICNT» 
00 50 
IVEHT(NN9lCNT) 
CONTINUE    
LPTT'ICNT 
.IMI1=NFULST(2) 

«NDEX(NN) 

00170 
00180 
ooivo 
00200 
00210 
00^20 
00230 
00240 
00250 
00260 
00270 
00280 
0C290 
C0300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00340 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00750 

^. 
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FIGURE B-l (cont'd) 

_75   _. 

-80  

100 
_C  

C 
-C- 

iHi2=iHn-i 
lHli=NFULST(U 
LVH-UOCBVB-1 
LVR«LOCBVR-i _   - -• 
LPH«L0CBP8-I 
LPR«L0CBPR-1       -  -  " 
KVB*KOCBVB-l 
KVR«K0CBVR-1        ■— — 
JVfi»JOCBVB-l 
J\/R»JOCBVR-l          —      - -      -   
1VH»I0CBVB-1 
IVR-IOCBVR-l            ..-.—.- 
DO ^00 I»1«NSTAG£ 
MSL0C=NSTAGE-I*1     -      
NSL0C=MSL0CM 
IOINTB»IDINT(MSLOCtl)     _ - -    
lüINTR=I01NT(MSLOC.2) 
WCtHTB=WGHT(MSLOC.l»   __  - 
WGHTR=WGHT(MSL0C.2) 
00 75 NN*1«NPTT       
NalPPNT(NN) 
TE1NF(N)«SEINF(N.NSL0C)   _.    .  
TEIN(N)«SEINtN.NSL0C»/DELTA(N>*1.5 

CONTINUE   
REWIND 1 
DO 800 .J«ltNsTAT_          -    
IFUPRINim    .NE.   0)   WRITE (LUNO.80»   MSLOCtJ 
FORMAT(/*TH  STAGE-.I3f3X.6HSTATE«fI3> - — — 
BUFFER   IN   (l,l)(IARRAY(LOCBG).IARRAY(KOCtO)) 
IF(UNIT{1))   ZOO.lOOflQO  
CALL  ERRdOJ 

COMPUTE   INTERPOLATEÖ  VALUES  AND PLAYS  FO~R  EACH STATE 

200  DO 210 K*1*IHI3 
 . BMIN(t<;)«l.E10  

210   CONTINUE 
 DO 220 K«lilHll -   

RMAX(»<)«-l.El0 
 220. _ CON TINUE  

ICNT»0 
 DO '►OO  K»LOCHGtLOCEO»IrtIl         

ICNT»ICNT*1 
IFdBSINTdCNT)   .EQ.   IOINTB)   GO  TO  300 
BMlNdCNT)»-l.EIO 

 GO  TO  400 r— "  
300        IHI«K*IHI2 
 ■- ICNT=0  -          —    -     -   

DO   390   L-K*IHI 
 »CNT«JCNT»l   -   ^i"«^ 

IFdRSINT(JCNT»   .EQ.   I0INTR>   60  TO  305 
 RMAX(JCNT)«i.EI0       

GO  TO   390 
-     305       IN0R0«IARRAY<L) "     

JWORD=IARRAY »L*NINGAM) 
   00   310  NN-l.NPTT -  -  - 

N"IPPNT(NN) 
 LEVEL=LBYTdBlT(N>.7.JW0R0)  

00760 
00770 
00780 
00790 
00B00 
ooaio 
00820 
00830 
Ü0H40 
OObbO 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
009^0 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
O10S0 
01060 
01070 
01080 
01090 
01100 
oiuo 
01120 
01130 
01140 
01150 
01160 
01170 
01180 
0119U 
01200 
01210 
01220 
01230 
01240 
012ä0 
01260 
01270 
01280 
01290 
01300 
0131Ü 
01320 
01330 
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3X0 

I 

320 

330 

—3<»0 

350 

390 
—400 

C 
C - 
C 

410 

C 
C 
c 

FIGURE B-l (cont'd) 

LEVEL=TEINF(N)»LEVK1.«TEIN(N» 
IF(LEVEL .LT. 1) LEVEL=1 
ir(LEVEL .GT. 128) LEVEL-128 
DO 310 M=l«2 
IBETA(H.N)xJBETA(M.NtLEVEL) 
BETA(l«ltN)=XbtTA (M»N.LEVEL) 

CONTINUE 
I0BJ»LBYT(31.29.1*0H0) 
J0BJ«LByTll.29tIW0«0) 
IF(LBYT(60tl,IW0RD) .EO. U IOBJ—IOBJ 
lF(LBYT(30.1tIHORD) .EO. D JOBJ«-JOBJ 
CHECK8=I0BJ«WGHTB-J08J»W6HTH 
CHECKR=CHECK8 
DO 340 LL-l.LPTT 
ALPHAsl. 
DO 320 NN»ltNPTT       -       
N'IPPNT(NN) 
MsIVERT(NNtLL» 
JVEC(N)«IBETA(M.N) 
ALPHAsALPHA«öETA(M.N) 
CONTINUE 
IF(ALPHA .EQ. 0.) 60 TO 340 
ISTAT«:JVEC(8)»1 
DO 330 NN»ltMPTT       — 
N"IPPNT(NN) 
.ISTAT=ISTAT*JVEC(N)»I0EM(N) 

CHECKB»CHECKB*ALPHA»XARRAY<LVB*ISTAT» 
CHECKR=CHECKR»ALPHA»XARRAY(LVR*ISTAT) 

CONTINUE . ,„ n_A 
IF(CHECKS .GE. BMINCICNT») GO TO 350 
BMIN(ICNT)=CHECKB 
IF<CHECKR .LE. RMAK<JCNT)) 60 TO 390 

^RMAX(JCNT)=CHECKR —    —  
CONTINUE 
-CONTINUE  

STORE BLUES MAXMIN PLAY 

XMAX»-1.E10     -   - 
DO 410  N*ltlHl3 
-IFUMAX   .GE.   BMIN(N))   GO  TO  <*10 
XMAX'BMIN(N) 
IBPLAY»N   
CONTINUE 
XARRAY(KVB«J)=XMAX -    -  
IARRAY(LPB*J)»IBPLAY 

STORE   REDS   MINMAX  PLAY 

420 

C 

XMIN«1.E10 
DO  420  N«ltlHll 
1F(XMIN .LE. PMAX(N>) 
XMIN'RMAXtN) 
IRPLAY=N 
CONTINUE 
XARRAY{KVR»J)«XMIN 
IARHAY(LPR»J)»IRPLAY 

60 TO 420 

■ 

01340 
01J50 
01360 
01370 
01380 
01390 
01400 
01410 
01420 
01430 
01440 
014b0 
01460 
01470 
01480 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
01820 
01830 
01840 
01850 
01860 
01870 
01880 
01890 
01900 
01910 
01920 
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[ 
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 600 

605 
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FIGURE B-l (cont'd) 

COMPUTE AND STORE MAXHIN FOR BLUE 

ILO>LOCBG*IHI1«(IBPLAY-l) 
IHI»lLO*lHn-l 
JCNT»0        . . 
XMIN>1.E10 
00 600 K»ILOtlHI--  
JCNTaJCNT*! 
irilRSlNT(JCNT) .NE. I0INTR» GO TO 600 
I«OHO=IARRAY(K) 
JW0H0=1ARRAY(K»NINGAM»      -  
IOBJ«LBYT(31t29*1WORÜ) 

-J0BJ«L8YT<lt29.1W0R0>  - 
IF(LBYT(60«1.IWORD) .EO. 
iraBYTOOf UIWORU)   .EO. 
Ü0  510  NN>ltNPTT 
N«IPPNT(NN)     1 __ 
M»<N-1)/4«1 

-LEVtL»LBYT(lHlT(N).7fJW0R0)              
LEVEL»TE1NF(N)*LEVEL*TEIN(N» 
IFCLEVEL .LT,-1) LEVEL=1         
IF(LEVEL .GT. 128) LEVEL«128 
MVEC(N)=JBETA(MfNtLEVEL)     _    1_       
CONTINUE 
IS«1STATE<MVEC)   __   
,CHECK=I0BJ»WGHTB-J0BJ»WGHTR»XAR9AV(JVB*rS) 
JF(CHECK ,r,E, XMIN) GO TO 600  
XMIN»CHECK 
CONTINUE         .              
XARHAY(IVB»J)»XMIN 
IF(IPRINT(7) .NE. 0) WRITE(LUNOf60b) XHINtlHPLAY 
F0RMAT(8H MAxMIN«»F10.0»2X»bHPLAY«»I3) 

1) 
1) 

I0BJ« 
JOBJ- 

-IOBJ 
-JOBJ 

C 
-C^ 

COMPUTE AND STORE MINMAX FOR RED 

-v. 

610 

IL0>L0CBG*IRPLAV-1 
-1HI»IL0*(1H13-1)*IHII _   
ICNT»0 
XMAX»-1.E10   
DO 7Ö0 K=IL0.IHI»IHI1 

_ICNT»ICNT*l  _. _ 
IFdBSINTdCNT)   .NE.   IOINTB) 
1W0S(0 = 1 ARRAY (K) 
JWORD>IARRAY(K+NINGAM) 
_I08J»LBYT(31,29»1WORO) 
J0BJ»LBYT(lf29,IW0R0) 
lF(LaYT(60.1,IWOHO) .EH. 1) 
IF(LBYT(30tl,IWORO) .EO. 1) 
DO 610 NN«1,NPT.T  
N"1PPNT(NN) 
.MM«2-(N-l)/4    _       _      _  _ 
LEVEL»LBYT(IBIT(N),7.JW0RD) 
-LEVEL=TEINF(N)»LtVEL*TEIN(N» 
IF(LEVEL .LT. 1) LEVELal 
1F(LEVEL .GT. 128) LEVEL*12ö   _    
NVEC(N)«JaETA(MM«N»LEVEU 
CONTINUE      
IS»ISTATE(NVEC) 
CHECK3lOBJ»WGHTB-JOBJ»WGHTR*XARRAY(JVR»IS) 

60 TO 700 

IOBJ>-IOBJ 
JOBJ«-JOiJ 

B-21 

01930 
omo 
01950 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
02030 
02ü«0 
02050 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
02160 
02170 
02!ü0 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
022/0 
02280 
02290 
02300 
02310 
02320 
02330 
023*0 
02350 
02360 
02370 
02380 
02390 
02400 
02410 
02420 
02430 
0244Ü 
02450 
02460 
02470 
02489 
02490 
02500 
92510 
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FIGURE B-l (cont'd) 

IF(CHECK   .LE.   XMAX)   GO   TO   700 
XMAX'CHECK   

700        CONTINUE 
XARHAY(IVR*J)»XMAX 
ir(IPHINT(7)    .NE.   0>   WRITE «LUNOt70'j)   XMAXtlRPLAY 
FORMAT (6H  MlNMAX"»F10.0»2X»ijMPLAY-«I3) 
CONTINUE 

WRITE   PLAYS   ANQ   VALUES  ON  RA  MASS  STORAGE 

CALL  WRITMS<3tIAKRAY<L0CBPB).NSTAT2tMSL0C» 
 CALL   ii.RITMS(2.IARRAY(10CBVB)»NSTAT2iMSL0C) 

00  Ö50   J«1.NSTAT2 
    —IARRAY(LVB»J)«IAKRAY(KVB*J) 

IARHAY(JVB*J)»IAHHAY(IVB*J) 
-8S0       CONTINUE        .-.—.—. — 
900        CONTINUE 
     RETURN  

KHD 

02^20 
02530 
02b<t0 
02550 
02560 
02570 
02580 
02540 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02670 
02680 
02690 
02700 

SUBROUTINE INIT 
C 
C 
C 

C -e- 

■i-  -/INIT/ ASSIGNS COUNTERS AND POINTERS. COMPUTES THE PURE 
STRATEGIES AND THE NUMBER OF STATES. AND COMPUTES AND STORES 

—   ON MASS STORAGE THE BATTLE ASSESSMENTS FOR EACH STATE AND 
PURE STRATEGY COMBINATION. 

COMMON /INPUT/ IMISS (8.*.2).IGRIO(11.4.2).LASTP.NALOC(8.<0 » 
-1NFRACU.2) .NSHL (2) .NSTAGE.NUAPST.CASFU.2) .IPRINT (8) . 
1ITITLE(6).VALU<'».2) ,PKBD (4.'».2) .PKBDES (4.4.2) .XGW1D t il .4.2». 
-IPKA0(4,4.2).PKADES(4.4.2).PKBA(4.4.2).PKAA(4.4.2). 
1PKESBO(4.4.2).PKESAD(4,4.2).PKSH(4.2).PKNS(4.2).HE1N(4.2.100). 
mHT(100.2).XSOHT(a.4.2).NOIV(2).OWGHT(5).NRSAMÜ) .NKSAM(2). 
1PKRS(4.2).PKFS(4.2),ABAF(8.4.2).01VFP(2).PKUAFS(4.2). 
IPKAAFS(4.2).PKAAKS(4,2),PKAtfS(4.2'!.PKAER5(4,2).PK8EFS(4.2). 
IPKFAFS(4.2).PKRAFS(4.2).PKRARS(4.2).DFPRE0(4.2).FEBÄ(2.28). 

IREINF(4.2.100) 
COMMON /WORKN/ NTYPE(2).NMISS(4.2).NMISST(2) .NGR1D(4.2). 
nBLUHD(2).NSTRAT(4.2).NFULST(2).NSTAT.NlNGAM,lMPNT(32.2). 
lITPNT(32.2).IOEM(e).N5TRTC(2).IRA(100).JRA(100).LUNI.LUNO. 
1NWORK.NSTAT2.IS1NT(500.2>.IÜ1NT(100.2).INPNT(32.2) 
COMMON /WORKL/ LOCST(500.2)»LOCBG.LOCEG.KUCiiG.KOCEO.LOCUVR. 
1LOCBVB.LOCEVR.LOCEVB.LOCBPR.LOCBPB.LOCEPR.LOCEPB. 
IKOCBVÖ.KOCEVB.KOCBVR.KOCEVR.JOCBVB.jqCEVB.JüCUVR.JOCEVR. 
UOCBVB.IOCEVS.IOCBVR.IOCEVR 
COMMON /KORK/ XAKHAY (25000) 
DIMENSION lARRAY(l) 
DIMENSION KEVEL(8) 
EQUIVALENCE (XAHRAY. IARRAY) _  ..  ..   
DIMENSION STRATS(Bi200.4).JGl<ID(11.8).YG«lD(n.8) 

-EQUIVALENCE (XARRAY(1860i).StRATS) - - 
EQUIVALENCE (IGKID»JGRIOJ.(XGRID.YGRID) 
COMMON /SPARM/ MFRAC.MMISS.IBS.ITYPE.NSTOK(b).IPNT(8)  
COMMON /BPARM/ CNP(4 .2) . IB. IRfXNP(9.4.2).OJJEC(2.S) 

-COMMON /IPARM/ 0EL1A(4.2).JBtTA(2.8.128).XBtTA(2.8.12B>.IB1T(8) 

00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00360 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
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FIGURE B-l (cont'd) 

C 

100 

no 
c - 
c 
c. 

COMMON /INTEBP/ BETA (2t8) . Ittf.TA(2t8) tNDEX 18» t IHl(8) 
COMMON /SINTVL/ IkLOC500).IHMI(500) 
DIMENSION ISTOHC»» 
OATA(NW0PKs2S0OO) 
OATA(IBIT«50,<»3t3bt29.22tl5»8tl» 
OATA(N5TRATsö<0n . <NMISS"8(Ü»»t (XNP"72(0.n 

DO 100 I'ltNWORK 
IARHAY(I)"0 
CONTINUE     —    
DO   110  K>lf2 
DO   110  J>1»<> 
DO   110   I=l»ll 
XGRIO(I«JtK)3lGKlD(IfJtK) 
CONTINUE 

145 
120 

US 
130 

135 

140 
_C- 
C 

-C— 

ISO 

160 

Ibä 

c 

ASSIGN COUNTERS   AND  POINTERS 

DO  140  K«li2 
.L«0   --         -   

DO  135  J»l»4 
-00  115   I»l»8 —    

IFdMISSdiJ.K)   .EO.   0)   GO   TO  120 
— t-LM   — - 

INPNT(LtK)»I 
-,-mPNT(L.K»«lMlSS(I»J»K»  

1TPNT(L»K)«J 
—XONTINUE  

NMISS(J.IO«l-l 
DO  125   I=2»ll             - 
IFdGRIOdiJ.K)   .EQ.   0)   60   TO   130 

—CONTINUE           
NGR1D(J«K)>I-1 

_ OELTA(JtK)«XGRID(I-ltJtK)/127. _  
CONTINUE 

_-NMlSST<K)«L   
CONTINUE 

COMPUTE INTERPOLATION PARAMETERS 

DO 160 I>1«128 
 L-I-l             - - 

DO 150 K*lt2 
__00 150 J«:l»4  

CNP(J»K)«L»DELTA(J.K> 
 CONTINUE      

CALL BETAS 
_..0D 160 K=lt2   - .   

DO 160 J«l»8 
 JBETA(K.J»I)=lHETA(KfJJ.. _„   ._ 

XBETA(K»J.I)=BETA(K.J) 
-..CONTINUE   _ ■    - 

DO 165 K=l»2 
__ DO 165 J»l»4     _     

IF(üELTA(JtK) .EU. 0.) OELTA(JtK)«1. 
CONTINUE   __'      
CALL OPENMS(2tlHA.100«0) 

_ CALL OPENMSUtJRAf 100»0) .  

00460 
00470 
00480 
00440 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
00700 
00710 
00720 
00730 
00740 
00)50 
00760 
00770 
00780 
00790 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01Ö00 
01010 
01020 
01030 
01040 
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FIGURE B-l (cont'd) 

C 
c 

GENERATE  PURE   STRATEGIES  FOR  BLUE  ANO  SEO 

170 
175 

läO 

-2«0— 

300 

IL0C«1 -       - 
REWIND  9 
00  <t00  K=li2 .  
IBR«K 
IUP1=NTYPE(K) .__    
IUPJaNSTRTC(KJ 
JCNr = 0 -          
KASTP=l 

.00   360   UsIilUPl 
BUFFER   IN   (9,1)    (LASTP.NALOC (Si'») ) 
IF(UNIT(9))   I75.l70tl70 
CALL  ERR<26I 
DO   180   J=KASTP»LASTP — 
IÜINT(JtK)«LAST^ 
CONTINUE  
KASTP»LASTP*1 
00 iOO J«ltlUPl 
ITYPE«J 
MM1S53NMISS(J»K> —  
HFRAC*NFRAC(JtlO 
IHI2»MMISS         -  -       
ICNT>0 
DO 200   I'ldHlZ      —^ -   • — 
IPNT(I)>0 
1F(NAL0C<I.J)   .EO,--U   GO  TO   190 — 
MMISSaMMISS-l 
MFRAC«MFRACrNALOC(IfJ»               
IF(MFHAC   .LT.   0»   CALL ERR(8» 

-NSTOR(l)»NALaC(ltJ>         - -       — 
GO  TO  200 
ICNT'ICMT^l  
1PNT(1CNT)»I 
CONTINUE       -         
IF(HHISS   .EQ.   0   .AND.   MFRAC 
CALL   STRAT  
CONTINUE 
IHn«NSTRAT(l.K)  
lHl2»NSTRAT(2tK) 
lHn«NSTÄAT(3tK»      - 
IHUsNSTRATCiK» 

-IF<IHI1   .kO.   0»   1HI1«1 - 
IF(1HI2   .EQ.   0)   1HI2«1 
IF(IHI3  .EQ.   0)   IH13*1 
IFUHIA   .EQ.   0)   IMI^»1 
DO  360   1 = 1.lull  
DO  360  J>1«IHI2 
DO  360   L=ltlHl3 — —  
DO 360 M=1.IHI* 
JCNT=JCNT*1 -   
LOCST(JCNT.K)«ILOC 
ISINT(JCNTiK)»LASTP  - 
ISTOR(l)=I 
IST0«(2)=J     - - 
I$T0R(3)«L 
IST0R(<»)»M        . . -  . 
DO 360 Il>ltIUPl 
I0EX*1ST0R(I1) 

GT. 0) CALL ERR<23) 

01050 
01060 
01070 
oioao 
01090 
01100 
oiiio 
01120 
01130 
01140 
011S0 
01160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
01240 
012S0 
01260 
01270 
01280 
01290 
01300 
01310 
01320 
01330 
01340 
013S0 
01360 
01370 
01380 
01390 
01400 
01410 
01420 
01430 
01440 
014S0 
01460 
914?» 
01480 
01490 
O1S00 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
015BO 
01590 
01600 
01610 
01620 
01630 

rrr 2BS 
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FIGURE B-1 (cont'd) 

360 

-400- 

-410 

-420 

CALL  ERR(3)   

C 

c 

IUP2»NMISS(IltK> 
00  360  N=liIlJP2    .—.   
XARRAr(ILOC)=STRATStN.IDEXtIU 
IL0C«IL0C»1   
CONTINUE 
.NFULST(K)=JCNT 4.       "      ■     '" 
IFCJCNT   .6T.   500)   CALL   ERR(3» 
1F(K   .E0.   I   .AND.   ILOC   .GT.   NWORK-6400) 
1F(LASTP   .LT.   NSTAGE)   CALL  EHR125) 

-CONTINUE    
WRITE(LUNO.<»10) 
FORMAT(IHI)         ,,.-%   „~.'V\    -  -• 
WRITE(LUNOi*20)    (I9LUR0(K)iNFULST<K).K»lt2) 
?S5i!.AU//llH  NUMBER  OF   .*4.«4H PURE  STRATtOIES  EUUALS   .15) 
IFdLOC   .GT.   NWORK)   CALL  ERRO) 

sir'p^INTERr7ÖREÄCH_BLuT STRATEGY   TO   INDICATE   THE  RED 
. 1-STRATEGIES  WHICH  CAN  BE  PLAYED   AGAINSf   IT  

— |HI1«NFULST«1)  
IHI2»NFULST<2) 

— IL08«0          
DO 426   I=l.lHll 

— -IFdSINTd.U   .EQ. 
IRL*0 

;IBL»ILOB»I 
IBHsISINTd«!) 

 DO  424  K«IBL.IÜH 
DO  422  J*I.IHI2 

— IFdSINT(Ji2) -.NE. 

ILOB)-GO  TO 426 

422 
..424- 

-426- 

-428 
C 

-C— 

IFdRL 
-   IRH»J 
CONTINUE 

—CONTINUE 
ILOBalBH 

—IRLOd)«IRL 
IRHId)«IRH 

-CONTINUE-   - 

IOINT(K.2)) 
.EQ. 0) IRL"J 

GO TO 422 

-PRINT. iT^ATEGIES-UNLESS SUPPRESSED. 

_0)-GO-TO  SOO- 

430 

435 
-438- 

4<»0 
-4b0 
c 

_-If4IPRINT<2)-.NE. 
DO  460  K-l«2 

--1HI3«NMISST(K)- 
IHn=NFULST(K) 

—00-460   I = l»lHH- 
IL02=LOCST(ItK) 

- IHI2»IL02»NMISST(K)-1 --«/no  "  
IF(d-l)/50«'D0   .NE.    1-1)   GO   TO  <»J8 

. WRITECLUNO.-JO»    1BLUKÜ(K),(1TPNT(J.K),IMPNT(J.K).J-l. 
FORMAT dril/Z/.l/X. AS, ISHPURE   STRATEGIES//.6HSmT,*X 

_II2X.18HPLANE   TYHE/M1SSION/./H  NUMBER.3X.5.HSTAGE.bX. 

14(10(11«1H/III.2X)/20X)) 

- WRITE (LUNO.^i IS) — 

WSITULISOUHO)   IfISINrd.K).(XARRAY(J).J-IL02,IHI2). 
F0RMATdX.I5.5X.13.4X.4düF5.2./.l8X)) 

__C0NT INUE . —  

IHI3)   _ 
.4hLAST. 

01640 
01650 
01660 
01670 
01600 
01690 
01700 
01710 
01720 
.01t30 
01710 
01750 
01760 
01770 
01780 
01790 
O1B00 
01810 
01820 
01830 
01040 
01050 
01660 
01670 
01680 
01890 
01900 
01910 
01920 
01930 
01910 
01950 
01960 
01970 
01980 
01990 
02000 
.02010 
02020 
02030 
02010 

.02050 
02060 
02070 
02080 

. 02090 
02100 
02110 
02120 
02130 
02110 
J)2rj0 
02160 
02170 
02180 
02190 
02200 
02210 
02220 

^ --■-■■ ■■■ ■ mm ss* "y *"' —'  
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FIGURE B-l (cont'd) 

C 
C 
5U0 

510 

-520- 

COMPUTE   TOTAL   NUMBER   OF   STATES 

NSTAT»! 
ICNr=9 
00  blö   K=li2 
00  S10   J=lt<» 

-L-3-K      . ._ 
M«5-J 

-ICNT-ICNT-l   , 
IDEMdCNTIaNsTAT 
NSTAT=NSTAT«MGRlO<W»L) 
CONTINUE 

. NSTAT2=2»NSTAT  
WRITE(LUN0.520)   NSTAT 

.fORMAT(lHlf//25H  NUMBER  OF  STATES  EQUALS   »17) 
IF(lL0OS*NSTAT2   .GT.   NWORK)   CALL  ERR!*) 

-N61»NGRID(ltl) 1,.       "      .     . 
NG2«NGRIÜ(2*1) 
N63»N6RID(3»1)       
MMMtfttOH*!) 
_Ne5»NGRIÜ(l»2)  
NG6>N6RI0(2»2) 
-N67«NGRID(3.2) .^ ,  
NG8-NGRID(<»t2) 

C 
-_C 

PRINT STATES UNLESS SUPPRESSED 

IF(IPRINT(3) .N£. 0) GO TO 635 
_ICNI»0 _  _: —  

610 

00 630 11=1.NG1 
DO 630 I2»l.NG2 ! . _ __      _ _ 
DO 630 I3»i.NG3 
00 630 I4>liNG4 
00 630 I!>«1.NG5 

-«0-630 I6sl«NG6 ___  
00 630 17=1.NG7 
00 630 I8«1.NG8— ——      — -     -.-    -    
ICNT'ICNT»! 
!F((ICNT-1>/50«50 ,EQ. ICNT-l) WRITE(LUN0.610) -     - - 
F0RMAT(1H1.//18X»27HLIS7 OF ALL POSSIBLE STATES.//6M STATE. 

415X.4HBLUE.27X.3HRE0./7H NUHBER.7X.2(19Hi 1        2     3:4, 
11IX)/) 
^RITE(LUN0.620) lCNT.JGRI0(a.l).JGRI0(I2.2)tJGR10<I3,3), 
lJ6RI0(I4.4).jGRI0(IS.S).JGRID(I6.6).JGRI0(I7.7).JGRIÖ(ia»8) 
-F0RMAT(IX.I5,*X.2<«I6.6X)» 
CONTINUE 
CALL TIMER    _    -.   . .. ,   

TERMINATE EXECUTION IF ABORT OPTION 15 SPECIFIED 

IF(IPRINTU) ,EO.-l) CALL ERR(7)    ..   _. 
JL0C1=IL0C 

-C  
c 
c-  
C 

COMPUTE FINAL PAYOFFS FOR EACH STATE AND STORE IN 
NEXT-STAGE ARRAYS - 

DO 645 IU1.NG1 
DO 645 I2«t«NG2 
DO 645 I3«1,NG3 

02230 
02240 
02^50 
02260 
02270 
02200 
02240 
02300 
02310 
02320 
02330 
02340 
02350 
02360 
02370 
02380 
02390 
02400 
02410 
02420 
02430 
02440 
02450 
02460 
02470 
02480 
02490 
02500 
_02bl0 
02520 
02530 
02540 
02550 
02560 
Ji2570 
02580 
02590 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02670 
02680 
02690 
0270Ü 
02710 
02720 
02730 
02740 
02750 
02760 
02770 
02780 
02790 
02800 
02810 

\ 
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FIGURi: H- 1 (cont'd) 

00 
00 
00 
DO 
00 

6^5 

645 
17 = 1^ 

NG4 
NG5 

N07 

645 

6<*a 

6b0 

C 
C 
C 

651- 

C 
C 

XARRAY(IL0C)=yGWlD(n.l)»VALU(ltl)*YGRI0(12t2)»VALU(2il)* 
lY&RI0ll3.3)»VALUt3tl)»VGWID(14,4)»VALUl<..l)- 
lYGHlDU5ib)»vALU(1.2)-YGRlU(16»b)«VALU(2f<;J- 
1YGRID (17.7) •vALU(3»2)-YGRID(Iöte)»vAtU (<»»<;> 
XARHAY(ILOCl=XARr<AY(ILOC)»(OWGHT(l)»0WGHI(2))   
IL0C=IL0C*1 
CONTINUE _    .    .   
JL0C2=1L0C-1 
L0CBVB=JLÜCl .. 
L0CEVB=JL0C2 
DO   648   I«JL0Cl.JL0C2 •,-.     
XARRAY(ILOtl=XArtr<AY(I) 
IL0C=IL0C»1 
CONTINUE 
L0CBV»=JL0C2»1  _  _        
L0CtVR=IL0C-l 
K0CBVB=L0CEVR*1     :    . 
K0CEVB»LUCEVH*NSTAT 
K0CBVR=K0CEV8»1 -        _.   
K0CtVR=K0CEVB»NSTAT 

, J0CBVBaK0CEVR*l   _ _ „_   _.__.   
J0CEV8»K0CEVR*NSTAT 

- J0CBVR=J0CEVo»l .    _..         . .  
JOCEVR=J0CEVH*NSTAT 

--IOCBVB=JOCE¥R*1-J  _      
IOCEVB=J0CEVH*NSTAT 
I0CBVR»I0CEV8*l   - -  — 
I0CEVH»IÜCEVH*NSTAT 
L0CBPÖ=IÜCEVR*1     _   .    —  -  
L0CtPe=I0CEVR»NSTAT 

. L0CaPR=L0CEPR*l   _ .      . -_  .  .   .   ...__. . 
L0CEPR=L0CEP«*NSTAT 
00 650 I*1.NSTAT2                _ .      .  _ 
J»I-l 
XARRAY(J0CBV«»J)»XARRAY(LOCBVB*J> 
CONTINUE 

READ OR COMPUTE BATTLE ASSESSMENTS FOK EACH STATE AND 
PURE STRATEGY COMBINATION AND STORE ON SCRATCH OISK 

IHII=NFUL5T(1)    .   
IHI2=NFULST(2) 
NINt,AM=IHIl»IHI2 
L0CbG=U0CEPR«I 
LOCEG=LOCEPR*NIN&AM   
K0CB5=L0CfcG»l 
KOCt.G = LOCtÜ»NINGAM    .    .   _ 
IFCKOCEG .GT. NWORK. CALL EKR(5) 
CALL SECOND(T)  . _  . _ 
WRITE«LUN0.651) T 
FORMAT(/////lX.Fy.3»25H CPU SECONDS USED IN INIT/) 
IF(IPRINT<5) ,LT. 2) GO TO 665 

IF AVAILABLE READ BATTLE ASSESSMENTS fROM BATTLE-TAPE 

02d20 
02U30 
Ü2O40 
02tibO 
02860 
02Ö70 
026H0 
02840 
02V00 
02V10 
02920 
02930 
02940 
029b0 
02V60 
02970 
02980 
02990 
03000 
03010 
03020 
03030 
03040 
03050 
03060 
03070 
03080 
03090 
03100 
03110 
03120 
03130 
03140 
03150 
03160 
03170 
03180 
03190 
03200 
03210 
03220 
03230 
03240 
03250 
03260 
03270 
03280 
03290 
03300 
03310 
03320 
03330 
03J40 
03350 
03360 
03370 
03380 
03390 
03400 
03410 

-v. B-27 
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FIGURi: B-l (cont'd) 

6b3 

660 

C 
_C- _ 
C 
665 

Ü0 660 I=liNSTAT 
BOFFEH   IN (luil) tlANKAY(LOCaG).IArtHAY(KOC£G)) 
IF(UN1T(10)) 65b.65J.o53 
CALL ERR(24) 
BurFER OUT (1.1) (lAHPAY(LOCttG).lARRAY(KOCEG)) 
IF(ÜN1T(1)) 660.658.6ba 
CALL ERR(6) 
CONTINUE        ~    -  •  -  -       _       _  
RETURN 

IF BATTLE-TAPE IS NOT AVAILABLE. COMPUTE ASSESSMENTS 
 USING SUBROUTINE /BATTLE/ _'   _ 

00 
00 
00 
DO 
DO 
00 
00 
DO 

VOO 
VOO 
900 
900 
900 
900 
900 
900 

670 

.675 
660 

700 

720 

IU1.NGI 
12=1.NG2 
1331.NG3  
1^=1.NG* 
15=1.NG5      _ 
16=1.NG6 
17=1.NG7-   _ 
10=1.NG8 

L0CWD=L0CBG-1      
00  BOO   IB^l.iHIl 
DO  BOO   IR=l.IHI2     - 
IMORO=0 
Jt<ORD=0 -      
'1F(IR .LT. IRLO(IB) 
.CNP(1.1)=YÜRI0(I1.1) 
CNP(2.1)=YGRID(I2,2) 
CNP(3fl)=YGHID(I3.3) 
CNP(<».I)=YGRID(I'».<») 
CNP(1.2)=YÜRI0(I5.5) 
CNP(2.2)=YGRID(I6.6) 
-CNP13.2)=YÜHID(I7.7) 
CNP('».2)=YG«ID(ia.B) 
-IF11PRINT(6) .EU. 0) 
WWITE(LUN0.670) IB.IP 
F0RMAT(/.<.H I8 = .1J.2X,3HIK=»I3) 
WRITE(LUN0.675) CNP 
r0RMAT(/.4H CNP.bF9.21    _- 
CALL BATTLE 
LOCLEV=0  
DO 700 K=I,2 
DO 700 J=I.^ 

.OR, IR .GT. IRHKIB)) 60 TO 780 

C-O TO 680 

LEVEL=CNP(J.K)/DELTA(J.K)*.5 
L0CLEV=L0CLEV»1 
KEVEL(LOCLEV)«LEVEL 
CALL SBYT(IB IT(LOCLEV).7.JW0RD.LEVEL) • 
CONTINUE 
80BJ=Ü.    - — — - -   —  
R08J=0. 
DO 720 J=1.3          — 
BOBJ=BOBJ*OBjEC(1.J)•OWGHT(J) 
«0BJ=R0BJ*0BJEC(2.J)*0«(GHT(J)  
CONTINUE 
lOBJsBOBJ^SlGNUS.BOBJ)    - 
J0BJ=RÜBJ*SIGN(.5.R0BJ) 

-IF(IPRINT(6)    .£0.   0)   GO   TO   780 
WRlTEaUNO.775)   CNP. IOBJ. JOBJ.NEVEL 

0J<»20 
OJ .JO 
OJ'.'.U 
03'.50 
03460 
03'.70 
OJ'.au 
03490 
03500 
03510 
03520 
035J0 
0354Ü 
03550 
03560 
03570 
035ÖÜ 
03590 
03600 
03610 
03620 
03630 
03640 
03650 
03660 
03670 
03680 
03690 
03700 
03710 
03720 
03730 
03740 
03750 
03760 
'./3770 
03780 
03790 
O3800 
03810 
03820 
03830 
03840 
03850 
03860 
O3870 
03880 
03890 
03900 
03910 
03920 
03930 
03940 
03950 
03960 
03970 
03980 
03990 
04000 

V 
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FIGURr B-l (cont'd) 

775 
780 

705 

790 

800 

SbO 
875 
C 
C- 
C 

-880 
900 

i 

FüRMATUH   CNP.aF9.2/6H   10bJ=.I10.5X,5HJ08J=.I10.5X,/HLEVEL5-,8I^) 

IFdObJ   .GE..   0»   liÜ   TU   7B5 
lOBJa-IOrtJ 
CALL   SflYT(6U,ltIWÜSDin 
CALL   SBYT(31,29»IWUKÜ.IüOJ) 
IFiJOBJ .GE. 0) 60 TO 790 
JOBJ=-JOHJ ~  - 
CALL SBYT(30,l.I*OROtl) 
CALL S8YT(1.29flWüSÜ.J0BJ) 
LOCWD=LOCWD»1 
IAR«AY(L0CWU)»IW0H0          -  -  -- - 
IARHAY(LOCWO*NINüAM>»JWORD 

BUFFEITOUT (1.1) (IARRAY(L0CBG),IARRAY(K0CE6)) 

IF(UNIT(nI 875»ti50.850 
CALL ERR(6> , n^ 
IF(1PHIMT(5) .EQ. 0» 60 TO 900 -  — 

 WRITE BATTLE ASSESSMENTS ON BATTLE-TAPE IF REQUESTED 

BUFFER OUT (10.I) (IARRAY(LOCBG).I ARRAY(KOCEQ)) 
IF(UMIT(10)) 900.880.880 
CALL EfiR(2*»    - - -■"'  - 
CONTINUE 
RETURN •—   •-   ——    
END 

04010 
04020 
040JÜ 
0404U 
040^0 
04060 
04070 
04080 
0409U 
04100 
04110 
04120 
04130 
04140 
04150 
04160 
041/0 
04180 
04190 
04210 
04210 
04220 
04230 
04240 
04250 
04260 

  FUNCTION ISTATE(IV)- 

C 
_C  

100 

/ISTATE/ COMPUTES THE INDEX OF THE STATE CORRESPONDING 
TO A SPECIFIED COMBINATION OF GRID POINTS. 

COMMON /INPUT/ IMISS(8.4,2).I6RID(11.4,2).LASTP.NALOC(e.4). 
1NFRAC(4,2).NSHL(2).NSTA6E.NL>APST.CASF(4.2).1PRIN1 8). 
lITITLE(6).VALU(4.2).PKä0(4.4.2).PKBDES(4.4.2).XGKl0(11.4.2). 
IPKAÜ(4.4.2).PKA0ES(4.4.2).PKHA(4.4.2).PKAA(4,4.2). 
PKESBO(4.4.2).PKESAD(4,4.2).PKSH(4,2).PKNM4,2).HEIN(4.2.100). 
1»(GHT(100.2).XSORT(8.4,2).NOIV(2).OWGHT(5).NHSAM12).NFSAM(2). 
lPKf<S(4.2).PKFS(4.2),ABAF(8,4,2),ÜIVFP(2).PKl*AFS(4.2). 
1PKAAFS(4.2) ,PKAARS(4.2) .PKAt.hS(4,2) .PKAERS(4.2) ,PKULFS(4,2) . 
IPKFAFS(4.2) .PKRAFS(4i2) ,PKRARS(4.2) .0FPRED(4,2) ,l-EBA(2.2a) . 

^OMMON^/WOKKJ/ NTYPE(2),NMISS(4.2).NMISST(2),NGR1D(4,2), 
lIBLURD(2).NSTRAT(4.2).NFULST(2).NSTAT.NIN6AM,lMPNr(J2.2). 
lITP.NT(32,2).IOEM(8),i>liTRTC(2).IRA(l00),J«A(100).LUNl.LUNO. 
lNWOI»K.NSTAT2.ISlNT(500.2)fIOIHTtlOO.2).lNPNTU2.2» 
COMMON /WO«M./ LOCST(-00.2).LOCÖ6.LOCEG,KUCöG.KOCEG.LOCaVR. 
il.OCaVa.LOCEVH»LOCtVft.l C&PR.LOCBPU.LOCEPR.LOOEPU. 
IKOCBVB.KOCe^lKOCBv: ,M;Ct ^S, JOCBVB , JOCEV«. JOCBV«. JOCEVR. 
lIOCBVB,I0CLV,3.I0CUVR.iaCEVR 
DIMENSION 1V(I) 
lSTATE=IV(d)*l 
DO 100 1=1.7 
ISTATE=ISTAT£*IV(l»MüEM(I) 
CONTINUE 
RETURN   
END 

00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
U036Ü 
00370 
00380 
00390 
00400 
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FIGURK ß-1  (cont'd) 

C 
C 
c 

SUBROUTINF PRNTIN 

/PkNTlN/ PRINTS THE INPUT PARAMLTEWS. 

i p;;, n:^;r:^;™-;^^;^---^■:'-;l?:'■ 
l«a5n»:^f!^^RAFS'*•^'•'>K'i'"<s"••2'•'>F'",t'"■••^'•'"«''•"f;• 

ipsiiiiifsss,. 
OATAdHEAOd, 2)«40H 

• OATAdhEAOd, 3)«40H 
OATAdHEAOd, 4)»<»ÜH 
OATAdHEAOd, 5)««0H 
OATAdHEAOd, 6)»40H 
OATAdHEAOd, 7)«<»0H 
OATAdHEAOd, e)«<>0M 
OATAdHEAOd, 9)«<fOH 
OATAdHEAOd, 10) «^OH 
OATAdHEAOd.d)«40H 
OATAdHEAOd,12).4ÜH 
OATAdHEAOd,13)«^0H 
OATAdHEAOd.U)«^0H 
OATAdHEAOd,15)»*0H 
OATAdHEAOd,16)»*0H 
OATAdHEAOd,17)-^0H 

CAS ESCORT AliAINST UO 
BO AGAINST CAS ESCORT 

CAS AGAINST BO  " 
BO AGAINST CAS 

ABA ESCORT AGAINST AgQ 
ABO AGAINST AÜA ESCORT 

ABA AGAINST ABO 
ABO AGAINST ABA 

ABA AGAINST NON-SHtLTEREO AIRCRAFT 
ABA AGAINST SHELTERED AIRCRAFT" 

FORWARD SAM SUPPRESSOR AGAINST SAM 
SAM AGAINST FORWARD SAM SUPPRESSOR 

KEAR SAM SUPPRESSOR AGAINST SAM 
SAM AGAINST REAR SAM SUPPRESSOR 

SAM AGAINST CAS 
SAM AGAINST CAS ESCORT 

SAM AGAINST ABA 
SAM AGAINST ABA ESCORT 

 100__ 

 102. 

 i04_ 

 110 _ 

 120. 

-   125. 

--1.30 

 1*0 

—150 - 

OATAdHEAOd,I8)»*0H 
WRITEaUNO.lüOI    d TITLE'I), 1 = 1,6) 
FORMATdHl,lX.6AlO/) 
*RlTE(LUN0,lü2)   NSTAGE 

- FORMAT dXdöHNUMBER  OF   STAGES   «,13) 
WRITE(LUN0,1^)   NDAPST 

WRMrI/n^2?HNUMbER  0F   CVCLt5  PER  STAGE   -.13) 
FOR^TM^'i10'    (iaLURü(K),NTYPE(K),KM,2) 

Fn^AT^ :^0, (IBLURD<K),NÜIV(K)fKxl,2) 
-SUEILüNO ?H^M^R ÜF ,A4,1'iH DIVISIONS »,I6) 
WRITE(LUN0,1C5) (IBLURD(K),01^FP(K),K«l,?l 

FORMATdX,10hNUMWER OF ^^.liH FORWARD ^AM< . ,t, 

FORMATdX.lOhNUMBEH OF .A4.12H REAR SAMS ?tlt)_ 

.4) 

OOUO 
00120 
00130 
001<t0 
OOlbO 
0016U 
00170 
001BÜ 
O01S>0 
00200 
00210 
00220 
00230 
00240 
002SO 
00260 
00270 
U02B0 
00240 
00300 
00310 
00320 
003JÜ 
00340 
üüJbo 
00360 
003/0 
003B0 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
OOSOO 
OOblO 
O0Ö20 
00b30 
00b40 
OOSSO 
00b60 
00570 
OObBO 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00660 
00690 
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FIGURi: B-l (cont'd) 

'"■""""^ ■"■l ^1 

lt>0 

200 

210 

f9MCAS   ORÜ  -»F6.2» 

.HCi   0)   60   10  250 

2^0 

-250 

i 

 260 

—aao 
300 
 310 

312 

.Mt-:. 

.NE. 

0)    IM(J«K)«IMISS(ItJ»K) 
0.)   XFtJ.K)"XSORTtI«JiKI 

i(IM(J.K)»XF(JiK).J '1»4)«K»!»?) 

 -330 

 3*0 
360 

— 370 
400 

—410 

420 

422 

WHITE (LUNO.JhO)    'OwGHT(n'*:   ;^'      „.„T.- 
FOWMATdX.^yriOUJtCTlVE   KUNCTION   «tlOKTS 

XJX.VriTOTL   KP   -,F6.^f3X,6HKEbA   -.F6.«;) 

123HASS0CIATEI)   SORTIE   RATES//) 

roJKnSr.flSkuf   PUANE   TTPE^lX.l.HREO   .LANE   TTPE/ 
12(10X,25H1 2 3 <,,', 

DO 300 1=1»a    
DO 240 K=l»2 
00 240 J=l«4 
IKdMISSdtJtK) 
CONTINUE 
GO   TO   310 
DO   260   K=l»2 
DO   260   J=l»* 
IM(J.K)«0 
XF(J.K)«0. 
IF(IMISS(I»J«K) 
IF(XSORT(I»J«K) 

-CONTINUE 
WRITE(LUNO.2ö0) 
FüRUAT(<»X»2(3Xf4(Il»lM- 

CONT1NUE 

rollVuT//^llz***l*l*0*  ALLOCATION FRACTIONS//» 
WRIT£(LUNO»210)    " 
00 315 K=l»2 _ 
DO 315 J=l»4  ." 
XF(JiK)»0. 
IF(NFRAC(J»K» .EG. 0» GO TO 315 
XF(J.K)«1./NFKAC(J.K) 
CONTINUE    -  -     .  , . ,. ,,.1.31 
WRITE (LUN0.3ia) ( (XF (J,K) , J=l .'♦> »K-l »2) 
FüRMAT(2Xt2( )X.*(F7.2.1X))) 
WRITE(LUNO»3^0) ,».,,. 
FORMAT«/// .35X.11HGRID POINTS//) 
WRITE(LUN0.210) 
DO 370 I = l«ll - - -     ■     
DO 330 K«li2 
DO 330 J*!«* 
IF(lGRIO(I»J»t<) 
CONTINUE 
GO   TO   400 
WrtlTEtLUNOOhO) 
FORHAT (3X,2(JX.'>(16.?X))) 

CONTINUE 

TOZITHV^^S FIREPOWER PER SORTIE//, 

FORMAT(3X»2(3Xf4<F7.4fIX»») 

F^OR^I'/Z/'^^^SHDIVISION FIREPOWER REDUCTION./ 

134X.14HPER CAS SORTIE//) 

KmlÄSSl (CDFP«E0.J,K,.J-l.4,.K.1.2. 
WR1TE(LUN0.'»23) 

.NE. 0 .OR. T ,EQ. I) GO TO 340 

KIGRIDd.JtfO'J«!^»^"1!2' 

00(00 
00710 
U0720 
UD/JO 
00740 
U07t>U 
00760 
00770 
00/80 
00790 
OOtiOO 
Ü0B10 
00820 
OOU30 
00840 
00850 
00860 
00870 
00880 
008V0 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
OHIO 
01120 
01130 
01140 
01150 
01160 
01170 
oiiao 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
01280 
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4^3 

<»^<» 

4Ü5 

426 

-427 

FIGURE B-l (cont'd) 

FORMAT (///    i.-<UXf«iOHRESinUAL   VALUE   ÜK   AN/ 
l23Xt33MUN[)AMAGE0   PLANE   AT   ENU   OF   Tht   WAR//) 
WRITE(LUNO.2l0t 
»<RlTe(LUNOi'«?0) ( (VALU(JiK) t J"l .<♦) f K"l .2) 
WR1TE(LUN0.«.?'.)  - 
FORMAT</// ,27X.26HFRACTIüN VULNERABLE TO ABA/,3S>X. 
llOHbV MISSION//) 
WRlTEtLUNO.210) 
DO 430 I-liU 
00 425 K=lt2 
DO 425 J=l«4 
lF(IMISS(ItJ,K) 
CONTINUE 
60 TO <»31 
00 427 K=l»2 
00 427 J=l»4 
1H(J.K)«0     —  - 
XF(JtK)»0. 
IFdMISSd.J.K) .NE. 0) 
IF(AUAF(ItJ«K) .NE. 0.) 
CONTINUE 
WRITE(LUN0.428) 

•NE. 0) GO TO 426 

IH(JtK)-IMlSS(ItJ»K) 
Xf (JiK)»ABAF(I.J»l<) 

-428 
430 
-431 

434 
-435- 

 436- 

440 

-445- 

-450 

460 
 470 

 S00 

((IM(J,K).XF(J.K)tJ«)t4).K»1.2) 
FORMAT (4X.2(3X.<>(Ii»lH-.F5..3aX))) 
CONTINUE 
IF(FEBA(l,n .EQ.--1.) GO TO 439 
WRITE(LUNO.V33) 

-F0RMAT<1H1///.33X.13HFEBA FUNCTION//)     
DO 434 1=2*2» 
IF(FEBA(1»I) .EQ. 0.) GO TO 435   -     - - -- -. 
CONTINUE 

DO 438 K=l.I,7 
-L«K*6 - 
WHITElLUNOf^Sö) <FEBA(1.J)iJ»KtL) 

-F0RMAT(/1X»7HF RATI0t6X.7F9.3) 
*RITE(LUN0»437) (FEBA(2.J)»J»KiL) 

--F0RMAT(lXi8HM0VEMENT.5Xt7F9.3) 

CONTINUE 
00 470 I = 1.NSKGE-           -_  
IF((I-1)/50»50 .NE. 1-1) GO TO 4^5 
WRITE (LUNO»'»40)      -   " 

'  F0RMAT(lHl//12X.9H06JECTIVE.2(24X,l4HREINf-0RCEMENTS.17X)/13X. 
.17HWeiGHTS.29X.6HNUMB£R.'.8X.ÖHFRACTI0N/lÖX. ^cTArP 
12(13Xil5HBLUE PLANE TYPE.12X.14HRED PLANE TYPE.IX)/iX.SHSTAGE. 
.14X.^HBLUE.5X,3HkE0.2(7X.19Hl     2     3 4.1X)iiX. 
12(7X.19H1     2     3     4ilX)/) 
DO 450 K*ltZ.-  —-    —-v    
00 450 J=l.4 
IM<J.K)«REIN(J.K»1)                 
XF(JtK)»REINK(J.K.I)-l. 
CONTINUE ...... o. 
WRITE (LUNO. ^.60) 1, (WGHT (I .K) iK«l t2) ♦ < (IM (J.K) t J-l »*•) «K-l .2) . 
I({XF{J.K)tJ=l»4)tK»l»2) 
F0RMAT(3X.12,lX.2Fa.2.2(3X.4l6)tlX.2(3X.4f6.2)) 

CONTINUE 
WRI.TE{LUNOf50ü) 
FüRMAT(lHI./31Xti8HKILL PROBABILITIES/)    _. 
CALL PKILLS(IHEAÜ(ltl).PKBOE5.0.tO.) 
CALL PMLLS(IhEAÜ(lt2)iPKESBUf0..0.)      - 

0^s»0 
01 'JO 
01310 
Ü132U 
01330 
013<*0 
01350 
01360 
01370 
01380 
01390 
01400 
01410 
0(420 
01^30 
01440 
01450 
01460 
01470 
01480 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
01800 
01810 
01820 
01830 
01840 
01850 
01860 
01870 
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FIGURi: P-l (cont'd) 

600 

700 

i 

CALL   PKILLS(IHEAD( 
CALL   PKILLS(IHEAtJ( 
WRITE(LUNOtbOO) 
CALL PKILLb(lHEAÜ( 
CALL PKILL5( IHEA1J< 
CALL PKILLS(IHEAÜ( 
CALL PKILLSUHEADC 
WRITE(LUNO»b00) 
00 600 l"l»4 
DO 600 J=lt^   - _ 
00 600 K=1.2 
PKS(ItJ»K)»PKNS(Jt 
CONTINUE 
CALL PK1LLS(IHEAÜ( 
00 700 1 = 1.<» 
00 700 J=l.^    
00 700 K=l.2 
PKS(I.JtK)3PKSH(J. 
CONTINUE 
CALL PKILLS(IHEAO( 
WRITE(LUNO.SOO) 
CALL SAMSdHEADd* 
CALL SAMSdHEADd. 
CALL SAMSdHEADd. 
CALL SAMSdHEADd. 
«RITE(LUN0.500) 
CALL   SAMSdHEADd. 
CALL   SAMSdHEADd« 
CALL   SAMSdHEADd. 
CALL   SAMSdHEAOdt 
END 

1.3),rKriO.0..ü.) 
1.4).PKbA.O..O.) 

l«,i).PKADES.O..O.) 
1.6),PKESAU.0,»0.) 
1.7)fPKAD.U..O.) 
1.8),PKAA.Ü..O.) 

K) 

1.9),PKS,0.»0.) 

K> 

1.10).PKS.O..O.)  

H).l..PKfS.-2.) 
12).l..PKEAFS.-l.) 
13).1..-2..PKKS) 
l<l).l..PKMArS.PKRARS» 

15).1..PKBAFS.-1.) 
16).l..PKüEFS.-l.> 
17).1..PKAÄFS.PKAARS) 
18).1..PKAEFS.PKAEHS) 

016U0 
01B90 
01900 
01910 
01920 
01930 
01940 
01950 
01960 
019.-0 
01980 
01990 
02000 
Q2010 
02020 
02030 
02040 
020:<.0 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
02160 
02170 
02180 

C 
C 

SUBROUTINE PKILLS (LÄBL.PK.PKF.PKR) 

/PKILLS/ AND /SAMS/ ARE PRINT SU8ROUTINES USED IN 
CONJUNCTION WITH /PRNTIN/. 

100 

200 

300 

400 

S00 

COMMON /WORKN 
1IBLUR0(2).NST 
1ITPNT(3 .2).! 
lNW0RK.NSiAT2. 
DIMENSION LAB 
WHITECLUNO.lo 
F0RMAT(3(/).2 

114HKED   KILLS 
12d2X.22Hl 
WRnE{LUN0.20 
F0RMAT(7X.)H1 
WRITE(L-.:0.30 
FORMAT (7X.1H^^ 

- WRITE{LUN0.4ü 
F0RMAT(7X.1H3 
tfRITE(LUN0.5ü 
F0RMAT(7X,1H4 
RETURN 

/ NTYPE(2 
RAT(4.2). 
DEM{8).NS 
1SINT(500 
L(1).PK<4 
0) (LAHL( 
ÖX.4A10»/ 
BLUE.//.1 

2 
0) (PKd. 
♦4(2X.F5. 
0) (PK(2. 
.4 (2X.F5. 
0) (PK(3. 
.4(2X.K5. 
0) (PK(4. 
.4(2X.F5. 

).NMISS(4»2).NMISST(2).N6RI0(4.2). 
NFULSI(2).NSTAT.NIN6AM.IMPNT(32.2). 
TRTC(2>.IRAd00).JRAd00)«L0NI.LUNÖ. 
.2).IL)INTd00.2).INPNT{32.2) —    -'- 
,4.2).PKF(4.2).PKR(4.2) 
I).I«1.4) 
//.lbXd4HBL0E  KILLS   RED.20X. 
JX.tHKED   TYPE.26X,eHHED   TYPE/ 
3      4)) 

1.2) .l = l»4).(PK{I.l»l).I«lt4) 
3) ,6X.M2X.Fb.3)) 
1.2) .1 = 1.4). (PKd.2.1).I«1.4) 
3).6X.4(2X.F5.3)) 
I.2).la1.4).(PKd.3.l).I«1.4) 
3).6X.4(2X.F5.3)) 
I.2).Iz1.4).(PKd.4.1)*I>1.4) 
3).6X.4(2X»F5.3») 
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02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
02270 
02280 
02290 
02300 
02310 
02320 
02330 
02J40 
023b0 
02360 
023/0 
02380 
02390 
02400 
02410 

—  '--■ 
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FIGURE B-l (cont'd) 

600 

610 

650 
660 
670 

-680 

700 

750 
600 

KILLS REDiZOXt 

TyPE.26XtöHRED TYPE) 

ENTHY SAMS 
WRITE (LUUO.(>0ü) (LABL(I>.I«1«*) 
FORMAT (3 (/) tr'ÜXt<.A10.///.16Xtl<»H8LUE 
mHREO KILLS BLUE/) rn   >cn 
ir(PKF(ltl) .EQ. -2. .OR. PKH<l»l) .EQ. -ü.) GO TO 650 
ttRITE(HJNOi6l0) 
FORMAT(19X.HriRE0 TYPE.25X.9HttLUE TYPE) 
GO TO 670 
WRITE(LUN0.660) 
F0RMAT(1ÖX»9HBLLIE 
WRITE(LUNO.6B0) 
F0RMAT<2<12X,22Hi      2      '. 
IF(PKFlltl) .LT. 0.) GO TO 750 
WRITE(LUNOi70 0) (PKF (J.2) » J=l »<») • (PKH J»l) • J"l t*) 
FORMAT (IX. 7HF0R»/AR0.^(2X»F5.i) .6X.^ (2X.F5.3) ) 
IF(PKR(1.1) .LT. 0.) RETURN 
WRITE(LUN0.800) (PKR(J.2).J=J *4).(PKR(J.1).J«li*> 
F0RMAT(2X,4HKEAR»2X.M2X.F5.3)f6X.M2X.F5.3)) 

RETURN 
END ■  

k)) 

02420 
02 '30 
02H40 
02450 
02460 
02470 
02480 
024VO 
02500 
02510 
02520 
02530 
02540 
02550 
02560 
02570 
02580 
02590 
02600 
02610 

SUBROUTINE READIN 
C 
C /READIN/ READS THE INPUT PARAMETER CARDS. 

COMMON /INPUT/ IMISS(8.4,2)tIGRIO(11.-♦.2»»LASTP.NALOC(8.4) . 
INFRAC(4,2).IMSHL(2).NSTAGE.NOAPST.CASF(4.2).IPRINf(8), 
1ITITLE(6).VALU(4.2).PKSÜ(4,4.2).PK0D£S(4.4.?).XGR1D(11.4.2). 
IPKAD(4.4.2).PKADES(4.4,2).PKBA(4.4.2).PKAA(4,4.2). 
1PKESBD(4.4,2),PK£SAD(4,4,2),PKSH(4.2),PKNS(4,2),REIN(4,2,100), 
lWGHT(100»2),)f.50RT(a,4,2),MOIV(2),OWGHT(5),NKSAM(<;l,^SAM(2), 
lPKRS(4,2).PKFS(4,2).ABAF(e.4,2)»ÖIVFP(2)»PKaAFS(4,2). 
lPKAAF5(4,2),PKAARS(4,2),PKA£fS(4.2).PKAeHb(4,2).PNBE^S(4,2)» 
lPKFAFS(4,2).HKRAK5(4.2),PKRAKS(4»2).DFPRED(4,2),tEBA(2,28), 

1REINF(4.2.100)     - ,   .«,«;»-. 
COMMON /WORKN/ NTYPE (2) .NMISS(4.2) .NMISST (2) .NGR1D (-».2) . 
1IBLURD(2).NSTRAT(4.2),NFULST(2),NSTÄT.NINGAM,IHPNT(J2.2). 
lITPNT(32.?).IDEM(8).NSTRTC(2).IRA(l00).JRA{100)»LUNi,LUNO. 
INWORK.NSTAT2.ISINT(500,2),IDINT(100,2),INPNT(32,^) 
COMMON /WORKL/ LOCST(500,2),LOCBG,L0CEG,KOCl*S.K0CEG.LOCiVR, 
lLOCBVB,LOCEVft.LOCEVB,LOCBPR,LOCBPB,LOCEPR,LOCEPa, 
lKOCBV8,KüCEVH,K0CßVR,KOCEVR,JOCBVB,JüCEVB,JüCBVR,JOCEVR, 

-lI0CaVB»I0CEVht,I0C8VR,I0CEVR    
COMMON /WORK/ I ARRAY (25000) m   ,,. 

-DIMENSION IDllMMY{8),KtY(35),NALOCS(33,100,2),MALOC(33) 
EQUIVALENCE (IARRAY,NALOCS) , (HALOCLASTP) 
DATA(NKEYS=JO)  — 
DATA(I6LURD=4HQLUE,3HREO) 
0ATA(LUNI=5).(LUNü=6) 
DATA(KEY=3HRuN,4HMISS,',HGRI0,4HPKflD,4HPKAU,4HPKBA, 

UHPKAA,4HCASF,4MVALU,VHSTAG,4HPKBE,4HPKAE»4HNSHL,4HPKSM, 
14HPKNS,4HSTKT,4HWGHT,4HPEIN,4HCWÜH,4MN0IV,4HDIVF,4HÜFRC. 
14HNSAM.4HPKFS,4HPKRS.4HFE8A.4MABAF.4HPKFA.4MPKRA.3H£N0,5(1H   )) 
DATA(REIN=800(0.)),(REINF=O00(1.)) , (WGHT-200(1,)) 
DATA(PKBD=32(0.)).(PKbDES»32(0.))I(PKAÜ-32(0»)),(PKAUES-32(0. )» 

00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
003SO 
00390 
00400 
00410 
00420 
00430 
00440 
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FIGURE D- 1 (cont'd) 

-70^ 
C 

c 
-100 
110 

-120 

Tso 

-200 

2101 

C 
-C— 

C 
-300 
301 

OATA(PKBA = 32(0.»).(PKAA = 32(0.))t(PKCSB0"= Jü(0,))itPKtSA0»32(0.)» 
DATA{PK5JH = 8(0.) ) • (PKNS = e(0.») 
DATA<CASF=8(0.)) t <VALU = B(0.> ) .(NSHL«2(0) ) i (NFRAC-em) 
UATA<NTYPt = ?(0) ) t<NSTKrOe:«0)).(IGklL) = a8(0) ) . (IMISS-6<»{0)) 
ÜATA(XSORT = b4(0.»)t(OWGHT^l.»4(0.»)» <N01V»Ü{0))•(NrtSAH«2(0>) 
DATA(HFSAM = 2(0)).(PK«S = 8(0.)) . (PKFS»8(0.))»(A8AF-6^(1.») 
DATA(UIVFP = 2(0,)» t(PKHAFb«8(0,))i(PKAAF5«»5iO.))f(PKAARS"d(0.>) 
DATA(PKAt'FS = 8{0.)) i (PKAERS«8 (0, ) ) . (PKBEFS-8 (0.) ) » (DFPREÜ-ä (0. ) > 
DATA(FEBA=-1.,55(0.))»(PKKAFS"8(0.)).<PKRAFS»8(0.))t(PKRARS«8(0.)) 
DATÄ(IPRINT(l)sO) " .       
iRITE(LUNO.70) 
FORMATdHl)              -  .- — _ ..  „. 

 READ DATA CARD     -      „ - —      

READtLUNI.llO) IKEY»JBRtJTPt(10ÜMMY(I)vI"l»6)    
FORMAT (A'naMtyAlO. A4) 
IFdPRINTd)   .EQ.   0)   KHITE(LUNOtl20)   IKEYtoSR»JTP» _ 

l(IDUMMY(I)<I=lfai 
FORMAT(lXtA<t,2Aii7AlütA<»)        
DO   ISO   I=1.NKEYS 
IFdKEY   .EQ.   KEY dJ)-GO  TO  200    , _  
CONTINUE 

-CALL  ERR (2) ,  
GO  TO   100 

. .IBfi«! .    
IFUBR   .EQ.   IHR)   1BR'2 

-DECODEd»210,JTPJ—1TP  
FORMATdl) 
60   TO   (300«320t340«360,3BO,<»OOt420«440,<»6Ui480(500*älO, 

1520t5'i»0«ä60«580,600<b20t630t'640»6öO»660t6/Of6äOfbVOf 700t 
-1.110»720.730.800)-I_.    .      '.'-' '."",■," ',.- J. 

C 
 C- 

C 
320 

 321 

—C— 
C 

-c- 
3*0 
 341 

 HUN   CARD       

- DECODE«74.301. IOUHMY)    dPRINT d ) » I«l .8) . dT.ITLE d) » I"l .6) 
FORMAT (<>X«8d«2X«bA10) 

— GaiOlOO __.  

 C- - 
C 

— t- 
360 

361 

MISSCARD ._.     .    ... 

DECODE (74 »321.1 DUMMY)   NFRAC dTP» I8R) . (IMlSSd . ITP» IBR» » 
1I-1.8)» (XS0RTd»ITP»lQR)»I = l»8) 
F0RMAT<4X»I2.1X»8dX»I2).3X»8F5.2> 
GO  TO   100 

GRID   CARD 

DEC0DE(59.3M.IDUMMY)    ! IGRIÜd dTP. 1 BR) . I«l» 11) 
F0RMAT<4X.1115) 
IFdöRIOd.ITP.IBR) .NE. 0) CALL ERH<9) 
IF(NTYPEdBRl ,LT, 1TP) NTYPt (IBR) «ITP ■■ -  - 
GO TO 100 

PKBO CARD 

DECODE(49.361.IDUMMY) (PKBD(1»ITP i I«R>. I«l»4). 
1(PK8DES(I.ITP»IBR)»1«1»4) _!..-. 
FORMAT(4X»4F5.3»SX.4F5.3) 

004b0 
00460 
00470 
0048» 
004*40 
00500 
00310 
00b20 
00b30 
OOS40 
OObbO 
OObbO 
00570 
OQ580 
00540 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
006VC 
00700 
00710 
00720 
00730 
00740 
00750 
00760 
00770 
00780 
00/90 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00680 
00890 
00900 
00910 
00920 
00930 
00940 
009b0 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
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FIGURE B-l  (cont'd) 

C 
 C— 

c 
— 420 

 42i 

GO TO 100   

PKAD CARD     

DECODE (49«36ltIÜUMMr) (PKAO (I • ITPt IBR) * I>1 f <*) f 
l(PKA0ES(I«ITptIÜR)«I'lt4) 
GO TO 100                 - .- 

PKBA CARO 

DECODE (34.^01.1 DUMMY I (PKBA(I»ITP»lBR)»I-l»'*)»PK«AFS(ITPtIIJR) 
FüRMAT(4X»<»F5.JtbXiFS.3) 
60 TO 100          -      -     - 

  PKAA CARD    - -  - -    

DECODE(39.421tlOUMMYJ (PKAA(I.ITPtIBR).I»l«4)tPKAAFS(1TP.1BR)» 
IPKAARSdTP.lBR) 
F0RMAT(4X.'»Fb.3.bX.4F5,3)     -        ..  -  . _  -. 
60 TO 100 

CASF CARD 

DECODE (24*4M*IDUMHY) (CASF (I «IBR) • I«l»4) 
FORMATCVX.^FS.*)   --  •  —  —   -  - 
60 TO 100 

VALU CARD 

DEC0DE(24t46l*IDUMMY) (VALU (1« IBR) tl«!^) 
FORHAT(4X.4F5.0»       --    
60 TO 100 

STAG CARD 

DECODE (lO.'VSl.I DUMMY» NSTAGE.NDAPST 
FORMAT(2X»2(2X.12n-   --- 
60 TO 100 

C 

C 
510 

C 
C- - 
C 
520 
521 

PKBE CARD 

DECODE(34»40l.IDUMMY)   (PKESctD(I»ITP»I8R)t1*1»4)»PKBEFS(1TP»I8R) 
60 TO 100        —-  -' '-   --"--. "- --         

PKAE CARD  -  - _-       _ ".,.  _ _...., - - 

DECODE(39.42l.IDUMMY) (PKESAD(I.1TP.1BR)»1«1.4).PKAEFS(1TP.HR) » 
IPKAERSdTP.IäR) 
60 TO 100 , 

NSHL CARD     -   

OECODE( 9.521.1DUMMY) NSHL(IbR)   - - 
F0RMAT(4X*I5) 
60 TO 100  — - -  _.. — 

 PKSH CARD .          -•--  — 

OEC0OE(2'».S41»I0UMMV)-(PKSH«I»IBR».i»li4)     
F0RMAT(4X.4F5.3) 

01940 
OlObO 
01060 
01070 
010BO 
01090 
01100 
oiuo 
01130 
01140 
01150 
01160 
01170 
01180 
01190 
01200 
01210 
01220 
01230 
01240 
01250 
01260 
01270 
01260 
01290 
01300 
01310 
OUZO 
01330 
01340 
01350 
01360 
01370 
01380 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
014BO 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
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660 

C 
C 
C 
670 
671 

C 
_.&  

C 
-680 

-C— 
C 
C 
690 

C 
_€  

C 
700- 
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riGURE B-l (cont'd) 

DtCOOt;(2^t<»MtI0UMHr» (OFPRLU(I.IBW) »I*l*4) 
00 10 100 

NSAH CARD 

DECODE(I4»67l,lOUMMf) NrSAM(1WH».MWSAM(IBK) 
F0HMAT(^Xt2IS) 
GO TO 100 

PKFS CARD             -    ._ 

DECODE <2<»»5<HtIDCMMY)    (PKFS (11IBR) • I *1 > <♦) 
GO   TO   100 

PKRS   CARD 

DECODE(2^*541,1 DUMMY) (PKRS(1.IBR)•I«l«4) 
60 TO 100    - 

701 

C 

  FEBAM CARD         -  -  - - 

IU0«<ITP-1)«7*1  -     —   - 
IHI»1L0*6 
DECODE(74t701,1DUMMY» ((FE8A(I,J),1«1,2)•J»IC0,IM1» 
FORMAT(4X,14F5.0) 
GO TO 100     -     

  ABAF CARD      - -  - - -.-- 
C 
710 
711 

C 

-0EC0DE(4*»711,IDUMMY) (ABAF(1»ITP»IBR),1«1,8) 
FORMAT(4X.8FS.0) 

-60 TO 100      ~- - 

 PKFA CARD-—     -   - 
C 
-720 
721 

C 
-C  
C 
-730. 
731 

C 
_C — 

C 
-^00 

807 
810 

DEC0DE(9,T2l,IDUMMY) PKFAFS(1TP,IBH)   
F0RMAT(4X,F5.3) 

-GO TO 100           - 

   PKRA CARD     

DECOOE(l<n731,IDUMMY)   PKRAFS( ITPtlBR) »PKRARSdTP, IBR) 
F0RMAT(4X,2.rS.3> 

-GO   TO   100 ,.-—           — — 

  END CARD 1—.    - 

00 810 K»l,2    _ - . - - ,  - 
J«NSTRTC(K) 
DO 810 I = 1»J   - 
BUFFER OUT (9,1) (NALOCS(1,I»K),NAL0CS(33»IrK)) 
IF(UNIT(9)> 810»80/,807         
CALL ERR(21) 
CONTINUE        
RETURN 
END  

02230 
02240 
022b0 
02260 
02270 
02280 
02290 
02300 
02310 
02320 
02330 
02340 
023!>0 
02360 
02370 
02380 
02390 
02400 
02410 
02420 
02430 
02440 
02450 
02460 
02470 
02480 
02490 
02b00 
02bl0 
02b20 
02b30 
02540 
02550 
02560 
02570 
02580 
02590 
02600 
02610 
02620 
02630 
02640 
02650 
02660 
02670 
02680 
02690 
02700 
02710 
02720 
02730 
02740 
02750 
02760 
02170 
02780 
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FIGURE B-l (cont'd) 

C 
C 
C 
C 
C 

SUBROUTINE STRAT 

/STRAT/ üENERATES THE PURE STRATEGIES FOR A PARTICULAR PLANE 
TYPE RESULTING FROM A SPECIFIED ALLOCATION Of   A HINIMUH 
ALLOCATION FRACTION TO MISSIONS. 

COMMON /INPUT/ IMIS5(8,'!n2).lGRID(Ut4,2).LASTP,NAL0C(8.4), 
1NFRAC(W).NSHL(2) .NSTAGE tNüAPST.CASF Ut2) 11PRINT (b) t 
II TITLE (6) ,VALU(*.2)tPKBD<4fH.<e)iPKH0ES«4.<..2».XGKl[mit'»i2). 
IPKAüCt.^fa) tPKADES(<n<»f2) fPKöA('»»'»»2) »PKAA (4t4,2) • 
lPKESaoU.'».2)fPKESAO(4,4t2)iPKSH(4t2).PKNS(^t2)iKEIN(4.2tl00»» 
IWGMT (100.2) i*S0RT (b.'.f 2) tNDI>M2) »OWGHT 15» .NRSAH(2) tNFSAM(2) t 
IPKRS(4.2) .PKFS('»»2) ,ABAF(8»<»t2)»0IVFP(2>.PKaAFSU»2». 
lPKAAFS(4t2) ,PKAAKS(WI ,PKAEFS(*.2) »PKAERS 1^,2) .PKUtFS<«t2) i 
lPKFAFS(<».2).PKRAF&(<>.2)fPKRARS(4.2).0FPRE0«.t2).fE«A(2.2a)i 

1RE1NF(4I2.1ü0) „,„,  ., 
COMMON /WORKN/ NTYPE (2) .HMISS (W) f NMISST (2) «NGRIO (W> . 
1IBLURÜ(2).NSTRAT(<..2).NFULST(2)»NSTATtNlNGAM.IMPNT(J2i2)« 
llTPNT(32»2)tIDEHtB)»NSTRTC(21tIRA(100).JRA(100)»LUNitLUNO. 
lNOORK.NSTAT2.ISINT(500.2).IÜlNT(i00i2)fINPNT(32.2) 
COMMON /-ÜRKL/ LOGST(500.2).LOCBStLOCEG.KOCUG.KOCEG.LOCIVRt 

-ItOCbVB.LOCEVR.LOCEVB.LOCBPRfLOCHPB.LOCEPR.LOCEPB. 
IKOCbVB.KOCEVH.KOCttVR.KOCEVR.JOCBVB.JOCEVB.JOCBVR.JOCEVR. 
II0CBVB.I0CEV8.I0CBVR.I0CEVR   
COMMON /KORK/ SPACER(18600)tSTRATS(et200t*» 

C 
_c— 

c 

100 

200 

IF NWORK IS CHANGED IN 1NIT. THE LENBTM OF SPACER MUST 
BE SET EQUAL TO Nfc'ORK-öHOO.        

. COMMON /SPARM/ MFRAC.MMI5S.lBR.ITYPE.NST0K(8).IPNT(e) 
DIMENSION MSTOR(b) 

- NSTKAT(ITYPE.1BR)=0 _    
MI£SN=NMISSUTYPE.IBR) 

-FRACN=NF«AC(ITYPE.IBR) 
1F(MMISS   .N£.   0)   GO   TO   200 

-DO   100   I = l.MISSN  ,-•   
STRATSd.l.ITYPElsNSTORdl/FRACN 
CONTINUE -     
NSTRAT(ITYPE.IBR)=1 
RETURN _.____._..    
lHn=MFRAC*l 
lLOi=»I   
IF(MMISS   .EQ.   1)    IL01=IHI1 
DO   400   Il = ILOliIHIl        ... .     _.-.._—   
MSTOR(i)=Il-l 
IHI2=IHII-MST0R{1)   
IL02al 
IF(HMISS .EQ. 2). IL0c*IHI2 . _      
DO 400 I2»IL02.IH12 
MST0H(2)=12-l 
1H133IHI2-MST0R(2) 
lLOi=l 
IF(MMISS .EO, 3) IL03=IHI3 
DO '.OO I3=IL03.IHI3 _ 
MSTÜR(3)=I3-1 
IHI4=IHI3-MST0R(3)  .    _        __     --   
lL04al 
1F(MMISS .EQ. 4) 1L04»IHI4    . .      _ 
DO 400 I4=ILü4tIHI4 

00110 
00120 
00130 
001<»0 
00150 
0016U 
OOl'O 
00180 
001VO 
00200 
00210 
00220 
00230 
002^.0 
00250 
00200 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
0U360 
00340 
00400 
00410 
00<.20 
00430 
00440 
00450 
00460 
00470 
00480 
00440 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
ÜÜ590 
00600 
00610 
0 0620 
00630 
00640 
00650 
00660 
00670 
00680 
00640 

B-39 



wm*m mmmmmmmmmmmmm^i^ ...1  UN   IUHMW.WIII  II 

PAB-2 49 

flGUBE 1-1 (cont'd) 

I 300 

350 
-400 

MSTOtm) 

ILOb»! 
1F(MMISS 
DO '♦OO 15 
MSTOH(b)= 
lHlb=»lHI5 
ILOb»! 
ir(MMIS5 
00 HOO If) 
MSTÜR(6)= 
1HI7=1HI6 
IL07=1 
1F(MMISS 
DO 400 17 
MSTüR(7)= 
IH183IHI7 
IL0a=l 
IF(MMISS 
DO 400 18 
MSTOR(8)s 
NST«AT(IT 
DO 300 Is 

J-IPNTd) 
NSTOH(J>« 
CONTINUE 
J»NSTRAT( 
00 350 I» 
STRATSd» 
CONTINUE 
CONTINUE 
ir(NSTRAT 
RETURN 
END 

14-1 
-MSTORI-«) 

c 

.FO. 5) IL05*IHI5 
•ILOftiNlf 
15-1 
-MS10R(5) 

.EG. 6) IL06*1HI6 _ 
=IL06.IHI6 
16-1   
-MSTOR(b) 

.EO. 7) IL07MHI7 
•ILOTtlHIT 
17-1 
-MSTOR(7) 

.EO. 8) IL08MHI8 
=IL08»IHI8 
18-1 
YPE.IBR)«NSTRAT(ITtPE.IBR)*l 
ItMMlSS 

MSTGRd»  

ITYPE.IiR»     
ItHlSSN 
J..ITYPE)=NSTOR(n/FRACN 

(ITYPEiIBR) .GT. 200) CAU ERR(3> 

SUBROUTINE TIMER   

 /TIMER/ USES AN EMPIRICAL FORMULA TO ESTIMATt THE 
EXECUTION TIME REQUIRED FOR THE CURRENT RUN. 

COMMON /INPUT/ IMISS(8,4t2).lGRIO(n.4,2>tLASTP.NAL0C(8.4)f 
lNFRAC(4,2),NSHL<2».NSTAGE.NüAPST,CASF(4.2)tIPRINT(8), 
lITITLe(6),VALU(4,2),PKB0(4t4,2),PKBDES(4i4,2),XGKID(nf4i2), 
lPKAD(4,4,2),PKADES(4,4,2).PKÖAt4,4.2),PKAA{4,4.2)t 
1PKESBD(4,4.2),PKESAÜ(4,4.2).PKSH(4,2).PKNS(4,2|.KEIN(4,2.100). 
lWGHT(lüO»2).XSORr(ei4.2).NDlV(2).OriGHT(5»tNÄSAM(ii).NFSAM(2). 
lPKRS(4i2),PKFS(4i2».ABAF(ef4.2).DIVFP(2)tPKHAFS('*.2». 
lPKAArS(4t2),PKAARS(4.2),PKAtFS(4t2),PKAERS14.2),HKiEFS(4i2), 
1PKFAFS(4,2),PKRAFS(4,2),PKRAHS(4t2).0FPREU(4,2).FE«*«2.281. 
IREINF<4.2.100) ,„,  ., 
COMMON /WO^KN/ NTYPE(2».NHISS(4.2).NMISST(2).NGR10(4.2). 
lI3LUR0(2).t4iTRAT(4,2).NfrULST(2).NSfAT.NINüAM.IMPNT(32.2). 
lITPNT(32.2).lOEM(e).NSTRTC(2).IRA(100).JHA(100).LUNl.LUNO. 
lNt(ORK.NSTAT2.ISlNT(500.2).IÜlNT(10ü.2).lNPNT(32.i) 

00/00 
00/10 
00/20 
00/30 
00/40 
00/50 
00/60 
00/70 
00/80 
00/90 
00800 
00810 
00820 
00830 
00840 
00850 
00860 
00870 
00880 
008V0 
OOVOO 
00910 
00920 
00930 
00940 
009b0 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 

00110 
00120 
00130 
00140 
00150 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
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FIGURE B-l (cont'd) 

100 

200 

300 

400 

500 

COMMON   /-ORKL/   LOCST(500.2).UüCB0.L0CtG.KüCi8.K0CEG.L0CBVR. 

1KS!!B:K2CLVH.KOCBVR.KOCEVR,JOCBVB,JOCEVI..JOCBVR.JOCEVR. 

1LOCBVB.I0CEVH.I0CBVR.IOCEVR 
COMMON   ntHHU   IHLO(SOO).IHHI(500) 
DIMENSION   IFUNCU>.TIMCCUllTll«l«*>        fcf.4, . ^...ot^) 
l)ATA(VS.12) , (W.2.0E-3) , (X^L^E-S) • ^«^t-*      <Z-2.0t  *») 
DATA(IFUNC=>5H5ElUP»7MBATTLES.&M0AMtS.5rtT01AL> 

IHll'NFULSTd) 
IHI2»NFULST«2J   — 
TIMEC<1)«2.0 
TIMEHn=2.0 
NTP»NTrPE<n*NTYPE(2) 
NPNTS»!   ;   " 
00   100   I«1«NTP 

- NPNTS*NPNTS»2  - 
CONTINUE 
N8ATLS»0                 - 
TIMEC(3)a0. 
DO 200 I«lilHll      
NBATLS«NBATLS»IRHHn-IRLO(l)*l 

. CONTINUE 
TIMEC(2)»NSTAT»NDAPST»NBATLS«« 
TIMEI(2)=NSTAT»W   
00 500 I-IiNSTAGE 
ICNT«0 
DO   300  J«1»IHI1 .   __   ,„. 
IF(ISINT(J.l)   .NE.   lOINTd.D)   GO  TO  300 
ICNT»ICNTd 
CONTINUE        — "  
JCNT»0 

IMISINTul^^NE.   IDINTd^))   lo  TO  *00 
JCNT«JCNT»1                 " 

J?!!JcU».TI»«eUMMi*T*Ä«TrtV*HIM»fl*Wirfl?l»II«it*JOlü 
CONTINUE 
TIMEC(3)=NSTAT»TIHEC(3)      — 
TIMEI(3)=NSTAGE*NSTAT»V .rfutKP. 
IF{IPRINT(4)   .EÖ.   U   TIMEI(2)-2.»TIMEI(2)  
IF(IPRINT(4)    .CO.   2)   nMEC(2>-0. 
TIMEC«»)=TIMi;C(U*TIHECt2)*UMEC(3) 
TIHEI(4)=TIHEl(l)*TIMEn2)*nM£I(3) 

".CO        ?S5^^IH?;^;Sx..0HCOC  6600   T^E   ESTIMATtS  FOR   CURREN^RUN 
„ 19H(SECüNOS)//16X.ehFUNCTION.ÖX,ßHCPU-TIME.3X,dHl/0   TIME/J 

  WRITElLUNO.OhO)    IFUNC (I) »TIMtC 11) »TIMEU 1» 
6b0   FORMATtlbX.Ay.VXtFO.l.aX.Fa.l) 

1 WRITE(LUN0.7S0) IFUNC U) .TIMEC(<0 .TIMEI («►) 
_J750 ^ FORMAT (/16X.A7.VX,F8.1.3X.FÖ. I///) 

RETURN 
 END-   

00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00300 
00390 
00400 
00410 
00420 
00430 
00440 
004!>0 
00460 
00470 
00480 
00490 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
005B0 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
006B0 
00690 
00700 
00710 
00720 
00730 
00 740 
00 750 
0076Ü 
00770 
007UO 
00790 
O0H0O 
OOUIO 
00B20 
00830 
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FIGURE D-l (cont'd) 

C 
C 
c 
c 
c 
c 
c 

SUHHOUTINE THIALS 

/TRIALS/ COMPUTES THE MAXMIN AND HINMAX BOUNL)S AND PEHF0RM5 
THE FOKWftWD EVALUATION f0« A TRIAL AlKWAR OF SPECIFIED 
LENGTH BKGINNING WITH A bPECIFIED NUMBER OF WLUt AND RED 
PLANES.  /TRIALS/ COMt'UILS THESE VALUES USING THE OPTIMAL 
STRATEGIES AND VALUES HriLVIÜUSLY DETERMINED «Y /GAMES/. 

100 

110 

120 

200 

250 

-270 

300 

COMMON /INPbT/ IMISSIS.'».^)fIGRI0(lIt4,2).LASTP.NAL0C(8.4)f 
lNrRAC(4f2) .NSHL(2) iNST AGE.NDAPST tC ASF (''♦»<;». IPR IN I (8) i 
lITITLE(6).VttLU(<n^) »PKBDU. <♦.<?) .PKHDES (4.<»,i) . XGHID (11 .'».^1 , 
1PKAÜ (4.^.2) .PKADESCMW) »PKBA (<>•<) .2) iPKAA (<».<»,£) t 
IPKESBD^n^.^l.PKESADI^.'».^) .PKSH(4,2) »PKNb U.2) .KEINU.2.100) • 
lWGHT(100t2).ASÜHI(6»'*.2).N0IV(2).OwGHT(b).NRSAM(^).NfSAM(2), 
1PKR5(<»«2).PKF5('».2) . AHAF (B.'..?) »01VFP (f-) .PKUAFS ('♦f 2) » 
lPKAAFS(4»2)tPKAARS(4»2) »PKAtFSU.2) .PKAERS (-..2) .PKBEF S (4»2) . 
1PKFAFS(4.2).PKRAFS(4.2).PKRARS14.2).OFPREDt<»,2)ifEBA(2.28). 
IREINF(4.2.100) 
COMMON /WORKN/ NTTPE(2).NMISS(4.2)»NMISST(2».NGRID(4.2)t 
lIäLUR0(2).NSTRAT(4.2).NFULST(2)»NSTAT.NINbAM.IMPNT(J2.2)» 
lITPNT(32»2)»IüEM(e).NbTRTC(<!).IRA(l0ü),JKA(100).LUNl.LUNO. 
iN*ORK.NSTAT2,ISlNT(500.2).IHNT(100»2),INPNT(32.2) 
COMMON /KORKL/ LOCST(S00.2).LOCBG.LOCEG.KüCöO.KOCEG.LOCBVRt 
ILOCBVB.LOCEVR.LOCEVö.LOCBPR.LOCßPB.LOCEPR.LOCEPS» 
IKOCBVB.KOCEVH.KOCBVR.KOCEVR.JOCBVB.JDCEVU.JOCBVR»JOCEVR» 

. 1IOCBVB.IOCEVH.IOCBVR.IOCEVR 
COMMON /BPARM/ CNP(4.2).Ib.IR»XNP(9.4.2)«OBJEC(2»5> 
COMMON /INTEHP/ BETA(2.8).IbETA(2»8).11.12»13.14.lb.16.1/.18» 
llHII»IHl2»IHl3.IHl4.lHI5.IhI6»IHI7»IHIB 
-COMMON /WORK/ XARRAY (25000) 
DIMENSION I0PTN(5).IOUT(10).JÜUT(4.2)»JOP1N(5)»I ARRAY(I) 

-DIMENSION IPLAL(100»2>.XÜÖJMJ»I00>»TXOBJF (3) 
EQUIVALENCE (XARRAY»I ARRAY) 

.COMMON /ROUND/ J0EX(4.2»2)          
DIMENSION MVEC(l)«NVEC(I) 
EQUIVALENCE (MVEC»JDEX(1»1»1))»(NVEC»JDEX(I»I»2)) 
OATA(JOPTN*5(0)) 
NTRIALaO 
READ(LUNI»110) KEY»MSTAGE»(IOPTN(I)»I»l»b)»((CN^(1»K)»:«1,4)» 
1K«1»2) -        L_       .     
FORMAT(A5.5X,I2.2X»5I1»1X»2(4F5.0»5X)) 
IF(EOF(LUNI)) 990.120 _ . ..  . 
1F(KEY .EQ, SHTRIAL) GO TO 200 
IF(KEY .EQ. SHFINIS) 60 TO 990    ---   --   
CALL ERRd?) 

—GO TO 100      .       -     —  - 
1F(MSTAGE .LE. NSTAGE) GO TO 240 
CALL ERR(18)   —   —   - .     ... . 
GO TO 100 
00 250 K»l»2           — -      _.    .  ...... 
DO 250 Isl»4 

—IUP»NGR10(I.K)            —..-_  _.      _._ .  _ _ 
IF(CNP(I»K) .GT. XGRID(IUP.I.K)) 60 TO 270 

-CONTINUE     -.     -  .  _".  ._    .  . 
GU TO 300 
CALL ERR(19) _    _. _ 
60 TO 100 
REWIND 7   

00110 
00120 
001JU 
0Ü140 
COISU 
OOlbD 
00170 
oomo 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
OOalO 
00520 
00S30 
00640 
00b50 
00b60 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
OObSO 
00660 
00670 
00680 
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FIGURE B-' (cont'd) 

3Ü5 

400 

310 
320 

340 
3b0 
400 

405 
_C — 
c 
c 
410 

420 

REWINÜ   8 
HEW1N0   9 
TOBJF=0. 
00   JOS   K-Ji2        -    — 
00   305   I*lt4 
JOUrdtKJ-CNPdtK)»!^ 
CONTINUE 
NTKIAL=NTHIAL*1 
NSKIP=NSTAGE-MSTAGE 
1F(NSKIP   .EQ.   0)   GO  TO 

BSFEIS   l:l;?'nP(IA«RArUOCBVB,.IA«RAY.LOCBVB)) 
IF(UNIT(7))   320»310»310 

BSFFER'li1^,!)    (lARKAY(LOCbPB).IARRAY(LOCBPBn 

-1F(UNIT«8)) 350tJ40i340        
CALL   EHR(15» 

JSJUi«   IT.ll    (IARRAY(LOCBWB,,IARRAr(LOCEVR)) 
ir(UNIT(7))   4l0»405«405 
CALL  ERR(l^) 

COMPUTE  MAXM1N  AND  MINMAX 

440 

445 
4S0 

460 

C 
C 
c 

505 
510 

600 

DO  420   K=ltl6 
MVEC(K)»0             
CONTINUE 
00  460  K«l»2 —            
L»3-K  
IUP»NTYPE (LJ        
DO  460   J»I»IUP 
N»I  "    " 
00   440   Msl.ll »      ,c   «yA 
IF(CNP(J.L)-XGRlü(M.JtL)»   450.445,440 

CONTINUE 
x«ii.  -.         - •■■. 
N>0 
M«M-l 
J0EX<J.L.K)=M 
JOEX(J.L,L)=M-N  
CONTINUE 
IBS»ISTATE(MVEC)-1 
IRS»ISTATE(NVEC)-l 
XMIN=XARHAY(LOCBVB*ieS) 
XMAX=XARRAY(LOCBVW*IRS) 

PERFORM FORWARD EVALUATION FOR SPECIFIED TRIAL 

DO 700 H=l»MsTAGt 
MSLüC=M»NSKIP 

SF^riu0^1,!) (lA«kAY(LOCBPÖ».IARRAY(LOCEPR). 

IF(UNIT(8)) 510»iJ0ä«505 
CALL ERR<15) 
CALL BETAS 
DO. 600 N«1»B - 

. ^^iaSI^it!-«««^!! MVEC<N,.IBETA<2.N, 
CONTINUE 

00690 
00700 
00710 
00720 
00730 
00/40 
00750 
00760 
007^0 
00/80 
00790 
00800 
00810 
90820 
00830 
00840 
00850 
00860 
00870 
00880 
00890 
ÜÜ900 
00910 
00 420 
00930 
00940 
00950 
00960 
00970 
00960 
00990 
0100U 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
oiiio 
01120 
01130 
01140 
01150 
01160 
01170 
01180 
OllStO 
01200 
01210 
01220 
0J230 
01240 
012b0 
01260 
012/0 
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FIGURE B-l (cont'd) 

60S 

610 

-620 
630 

700 
-C  
c 

_720 
725 

73b 

-7A0 

IS«ISTATE(MVLC)-l 
IÖ*IAHRAY(LOCÖPU*IS) 
IHxIAHKAr(LOCÖPK»IS) 
IPLAL(M.n=LOCST(IB.l) 
lPLAL(Mt2)»L0CST(l»?t2> 
CALL BATTLE. 
B0BJ=»0. 
ROBJ>0. 
00 605 I=lt3 
BOB J=iB0B J*0a JE C (111) «OWGHT (I) 
HOBJsROBJ*0BJtC(2»I)»OWGMT(1) 
CONTINUE 
OBJr=BOBJ''WGHT(MSL0Ctl)-R0BJ»WGHT{MSL0Cf2)       
T0BJF3T0BJF*0dJF 
IFdOPTNd) .NE. 0) GO TO 630 
ICNT=0 
00 610 K = li2         -     
00 610 |«l»4 
1CNT=ICNT*1          •-    
I0UT(1CNT)=CNP(I»K)*,5 
CNP(l.K)=RElNF(IiK.NSL0C)»CNP(lrK)*RtIN(L»KtNSL0C) 

CONTINUE 
I0UT(9)»0BJF*SIGN(,5t0BJF)     
IOUT(10)=TOBJF*SIGN(.5.T08JF> 
BUFFER OUT (y.l) (lOUT.IOUTtlO))  
IF(UNIT(9)) 630»620»b20 
CALL ERR(20) ._1I        
1F(I0PTN(3) .NE. S» 60 TO 700 
00 640 1 = 1»3 -     _ -    - -    -     -- 
XOBJF(I,M)«ObJEC(1♦1)»WGHT(MSLOC.1>-OBJEC(2,I)»WGHT(MSL0Ct2) 
CONTINUE  I '    
CONTINUE 

WRITE DESIGNATED OUTPUT FOR CURRENT TKIAL 

_IF(TNTRIAL-n/25»25 .EQ. NTRIAL-1) GO TO 720 
00-JIO I = li3 '  --     
IF(J0PTN(I) .EQ. 0) GO TO 720 
CONTINUE   -       
GO TO 730 
WRITE(LUNO.725) __ 
F0RMAT(lHl,//8Xt6HNUMBER.7XiÄt>HNUMBER OF PLANES AVAILABLE.27X 
1.6HMAXMIN/.lX»5HTHIAL.4X.2HüF,5X.lbH  HLUE  »'»X. 
H6H REU ,4X.AHBLUt.5X»3HRE0.7X.2MVS./«lX. 
113HNUMBER STAGES»JXi 16H1    2    3   '»»'»X. 
li6Hi    2    3    4,3X.6HMAXMIN.3X.6HHINMAA»3X.6nMlNMAX) 
IMIN=XMIN»SIGN(.5.XMIN) - ... 
IMAX = XMAX*SIijN(.5»XMAX) 
I0BJF = T0BJF»SlGN(.5»T0ajF) : .  
00 735 1=1.5 
J0PrN(I)=10PTN(I)   
CONTINUE 
WRITE(LUNO.740) NTRIAL.MSTAGE.«(JOUT(I.K)»I«l.4)»K«l.2)t1MIN. 
1IHAX.I0BJF 
FORMAT(/2X.I 3.5X.12.2X.815.2(18.IX).18) 
IFdOPTNd)    .NE.   0)   GO   TO   850 
REWIND 9       --      — 
DO «-«O I«1.MSTAGE 
IF((I-l)/50»b0-.&O^-l-l) WR1TE(LUNO»800) NTRIAU- 

01280 
0124Ü 
01300 
01310 
0132U 
01330 
01340 
01350 
01360 
01370 
013ä0 
01390 
01400 
01410 
01420 
01430 
01440 
01450 
01460 
01470 
01460 
01490 
01500 
01510 
01520 
01530 
01540 
01550 
01560 
01570 
01580 
01590 
01600 
01610 
01620 
01630 
01640 
01650 
01660 
01670 
01680 
01690 
01700 
01710 
01720 
01730 
01740 
01750 
01760 
01770 
01780 
01790 
oiaoo 
01810 
01820 
01830 
01840 
01850 
01860 
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riGliRE B-l (cont'd) 

800 

805 
810 
820 
840 
8b0 

9LUE..7X. 

860 

862 
-^65 

F0RMAT(lHl.//?lX,12hTRIAL   NUMBER,15//12X.l^HNUMBLR   Of 

2n6HpjANErAVAlLABLE.GX,,3X.2HV5,/.lX.6HNUM8ER,4X. 
l2(lbHl 2 3 4,bX».lX.6HMINMAX,4A,bHT0TAL/) 

BÜFFER   IN   (9,1)    (10UT,I0UT«10) ) 
1F(UNIT(V))   810»tlüS»B05 
CALL   ERR«20) ,   ,,, 
WRITE(LUNO,820)    I. (10UTU)tJ«l»10) 
F0RMAT(lX,I4,2XI2(lX,<»Ib).2X.2I9) 

CONTINUE 
IF(I0PTN(2)    .NE.   0)   GO  TO  900 

- DO   890   Ksl«2    
IUP=>NMISST(K) 
DO  890   IMtMSTAGE-     - 
lF((I-l)/50»50   .NE.   1-1)   GO  TO  865 
WRITE«LUNOf8f,0)   NTR1AL. IBLUHD(K) , 

l(ITPNT(J,K),IMPNI(J.K).J=i,lUP) 

--FORMAT (lHl,//21X,l2rtTHIAL   NUW«*»1*^***!-   CHCTAGC.I6X. 
131HPLANE   ALLOCATION   FRACTIONS  FOR   ,A4,//.IX,5HSTAGE,16X. 
UBHPLANE   TYPE/MISSION,/.IX,6HNUMBER.5X. 
13(12(I1,1H/,I1,2X)/12X)) 
KRITE<LUN0,862)         -      —••— 
FORMAT(IH )   
 ILOalPLAHItK) .     -  

ITP*ILO*IUP-l 
— «RITE(LUNO,880) I,(XARRAY(J)•J-ILO,ITP) 

FORMAT(1X,I4,5X,3(12F5.2»/»10X)) 

CONTINUE--     -T --    — —   " 
IF(10PTN(3) .NE. 0» 60 TO 100 

„DO 905 I*lt3      .    -  
TXOBJF(I»=0. 
CONTINUE    --       

IMU-l!/50.|oA!EO. l-l) WRITE(LUNO,910) NTRIAL 
FORMATt H1//21X 12HTRIAL NUMBER,IS,//12X.«HBLUE-KEÜ,15X. 
ISSSLIE-RED/IX 5HSTAGE aX,3HCAS,l8X,8HGRNü*AlR,17X,^FEBA/ 
1U!6HNUM1ER!5X%HFIREPO-ER,^.SHTOTAL,5X,9MFIREPü«ER,4X. 
15HT0TAL,5XT8HM0V£MENT,SX,5HT0TAL/»   - 

DO 915 J=l,3 
TXOÖJF(J> «TXOBJF(J)»XOBJE(J,I) 
K*2*J 
IOUT(K-l)»XOfclJF(J,I)♦SIGN<.5,X0BJF(J,I)) 
I0UT(K)«TXÜBJF(J)^SIGN(.5,TX0ajF(J)) 

-CONTINUE , ,  
WRITE (LUNG,920) I , (IOUT U) , J"! »t>» 

920- FORMAT(lX.I4.2X,3(3X»2nO))    -— 

930   CONTINUE 
 ! GO TO 100    
990   RETURN 

880 
BSO 
900 

905 

910 

01870 
01880 
01890 
01900 
01910 
01920 
01930 
01940 
019S0 
01960 
01970 
01980 
01990 
02000 
02010 
02020 
02030 
02040 
02050 
02060 
02070 
02080 
02090 
02100 
02110 
02120 
02130 
02140 
02150 
02160 
02170 
02189 
02190 
02200 
02210 
02220 
02230 
02240 
02250 
02260 
02270 
02280 
02290 
02300 
02310 
O2320 
02330 
02340 
02350 
02360 

B-45 



™|««imW^#**»''" —"   ,      mjm^imwmmmmmi^^ ^^■T^rr^   ■-^.--: ■    u-i< iiuiiJ miiiapu^wuiWi MiiuiuBwnmiMni 

PAB-249 

FIGURE B-2 

ATACM2 LISTING 

c 
c 
c 
C 
C 
C 

150 
_2Ü0 

-300 

.<.00- 

_*10 

415 

420 

450 
Jtt>(L 
470 
400- 

-490 

PROdHAM   ATACM2    {OUI PUT ,TAPt<»«65.TAPEStTAPc6»0UTPUT.IAPE7-65, 
lTAPLfl-65f TAPE:9x6b) 

/ATACM2/   AND   ASSOCIATE  SUBROUTINES   AKE   USED   TO  EVALUATE 
TRIAL   AIHWAHS   USING   TME   OPTIMAL   STRATL6IES   AtlO   l^AME   VALUES 
INPUT   FROM   A   TRIAL-TAPE   WRITTEN   OUR1NÖ   A   PREVIOUS   RUN 
OF   /ATACMI/. 

COMMON   /INPUT/   iy,ISS(B,4.2).IGRID(Ut4i2) tLASTP.NAL0CtB.4)t 
INrRAC(4,2).NSHL(2) .NSTAGE.NUAPST.CASF(4»2* tIPRINT(8)i 
lITITLECfc)tVALU('.«2)tPKa0(4f4,2),PK8DES(4,4»2),X0KlD(lli4»2). 

-iPKAU(4.4»2)tPKA0ES(4t4.2)tPKBA(4.^.2) .PKAA(4,4,2»» 
lPKESHD<4,4,2),PrtSAD(4,4,2),PKSHl4,2),PKNS(H,2),ktIN(4,2,10Q), 
l«GHT(100,2),X50HT(e,4,2),NDIV(2),0WGHT(5)»NRSAM(2),WSAM(2), 
IPKRSC^) ,PKFS(4,2) ,ABAF(e,4,2),DlVFP(2) ,MKI4AFS (4,2), 
1PKAAFS(4,2) ,PKAARS(4,?),PKAtKS(4,2),PKAERS(li*,2),PKttEFS(4,2), 
1PKFAFS(4,2),PKRAFS(4,2),PKRARS(4,2),ÜFPPEU(4,2),fEBA(2,28) , 

1REI.MF (4,2,100) 
COMMON   /WOWKN/   NTYPE(2)»NMISS(4,2) ,NMI5Sr(2),NG«ID C»^), 

UBLURO(2),NSTRAT(4,2),NFULST(2)fNSTAT,NINüAM,IMPNT(32»2), 
lITPt,JT(3?,2),IOEM(b),NSTRTC(2),IRA(100),JHA(100)»LUNl,LUNO, 
INWOKK,NSTAT2.ISINT(&00,2),IU1NT(IOO,2),INPNT(32,2) 

COMMON   /WORKL/   LOCST (500,2),LOCBO,LOCEG.KOCHG,KOtEG,LOCiVR, 
.lL0CUVtl.U0CEVR3LOCEVB,L0CBPR,L0CBPB,LOCEPH,LOCEPi, 
iKOCbVB,KOCEVH,KOCBVH,K0CEVH,J0CBVB,JOCEVi,JOCBVR»JOCEVR, 

-lIOCtlVB»IOCEVB,IOCBVR»IÖCEVR        
.-COMMON /WORK/ XAHHAY (25000) 

_ COMMON /ERROR/ IERR 
DIMENSION INPUU(2680),WORKNi(I640),WOHKL/U024),WOKK2(25000) 
-DIMENSION IAWRAY(IOOOO) — — -   -- 
DIMENSION JGRID(U,8)»JPRINT(8) 

-EQUIVALENCE (IM1SS, INPUTZ)»(WTYPE.WORKNZ)t(LOCSTiWORKLZ»   . _ 
EQUIVALENCE (IGRIO,JGRID) 
EQUIVALENCE (XARKAY, IARRAY»WORKZ)     ..  
BUFFER IN (4,1) (INPUTZtINPUTZ(2680») 

-_IF(UNIT(4)) 200,150,150     
CALL ERR(22) 
BUFFER IN (4,1) <W0RKNZ»W0RKNZ(1640>1  _      . _    
IF(UNIT(4)) 300,150,150 

.BUFFER IN <4.1). (WORKLZ»WORKLZ(1024)>   ,.  ___ -.__.._  
IF(UNIT(4)) 400,150,150 

 BUFFER IN (4,1) (WORKZ,WORK2(NWORK))      
IF(UNIT(4)) 410,150,150 

-DO 480 I = 1,NSTAGE          
BUFFER IN (4,1) (I ARRAY(LOCÖVÖ), IARRAY(LOCEVR)) 

_4F{Uim(4)) 415,450,450 -.  
BUFFER OUT (7.1) (IARRAY (LOCaVB),IARRAY(LOCEVR)) 
IF(UNIT(7) ) 420,460,460  .- 
BUFFER IN (4,1) (IA«RAY(LOCHPÖ),IARRA-Y(LOCEPR)) 

_IF(JNIT(4)) 425t450,450 -  .          
BUFFER OUT (B»l) (IARRAY(LOCBPB),IARRAY(LUCEPR)) 
 IF(UNIT(8))_480»470,470    -     

CALL ERS(22) 
-CALL ERR (12)     — -   - 

CALL ERR(13) 
 CONTINUE      _.           ..„..--_ >. 
READ(LUNI,490) IKEY, (JPRINT(1), 1-1 «8) 

__.FORMAT(A3,7X,8Il)  -           — -      — — 
IFdKEY .NE. 3HRUN) CALL ERR«16) 

ooi iu 
00120 
00130 
00140 
OOlbO 
00160 
00170 
00180 
00190 
00200 
00210 
00220 
00230 
00240 
00250 
00260 
00270 
00280 
00290 
00300 
00310 
00320 
00330 
00340 
00350 
00360 
00370 
00380 
00390 
00400 
00410 
00420 
00430 
00440 
00450 
00460 
00470 
00480 
00490 
00500 
00510 
00520 
00530 
00540 
00550 
00560 
00570 
00580 
00590 
00600 
00610 
00620 
00630 
00640 
00650 
00660 
00670 
00680 
00690 
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FIGURE B-2 (cont'd) 

bOO .EQ. 
.NE. 

0) 
0) 

CALL   PHNT1N 
GO   TO   70S 

53Ö 

535 
53tt 
5*0 
560 
700 

i 

710 

720 
730 
aoo 

1F(JPR1NT(1) 
ir(JPHINT(2) 
DO  b60   K = lti? 
IHI3=NMISST(t<> 
IHII'NFULSTCK) 

DO   b60   I = l.lHn 
IL02=LOCST<I.K)                     _ 
IHI2=IL02*NMISST(K)-1 
1F((I-1)/50*S0   .NE.   1-1)   GO   TO  538 
WRITE (LUNG, 530) IBLURÜ(K) i ( nFn (J»K) t IMFNT (J,K) » J-lt IHI3) 
FORMAT (1 HI///. 17XtA5il5HPURt STRATEGIES//t6H STRAT ^X.<»riLASTt 
112Xil8HPLANE TYPE/HISSION/i7H NUMBERt3Xt5HSTAGEt5Xi 
14(10(Il»lH/,Il,2XI/2üXn 
WR1TE(LUN0.535) 
FORMATdH )    _     . .... 
WRITE(LUNG.5^0» 111SINT(ItK)•(XARRAY(J)tJ>IL02tIH12) 
FORMAT<lXtI5,5X»I3t4X,4(lOF5.2t/tlBX») _. . 
CONTINUE 
1F(JPRINT(3) ,NE. 0) GO TO »00   -        _ . .  ._ 
ICNT=0 
NGl*NGRIO<ltl» ^   ._    
NG2»NGRI0(2f1) 
NG3»N6RI0(3tl»-  -  ..  .    .  . 
NS4sNGRID(4tl> 
-N65»NGRID(1»2) ,  
NG6=NGRID(2t2) 

--NG7aN6RI0(3»2»         
^Ge«NGPID(4t2) 

-00 730 11 = 1 tNGl          
DO 730 12*1tNG2 
00 730 13=1.NG3        ,.,-—   ..    ._   ... 
DO 730 14=1(NG4 
00 730 15=1.NGS   _ 
00 730 16=1.NG6 

-DO 730 17=1..M67  —   _. 
DO 730 18=1.N08 
ICNT=ICNT*1     - -  _ 
IF(<ICNT-1)/50»50 .EG. ICNT-1) WRITE(LUNO.710) 

--F0RMAT(1H1.//18X.27HLIST OF ALL POSSIBLE STATES.//6M STATE. 
115X.4HBLUE.27X.3HRED./7H NUHBER.7X.2(19HI     2     3    4. 
lllX)/>        _. .. 
WRITE(LUND.720) 1CNT«JGRIO^11•1)•JGRIO( 12.2).JGRID(13.3) . 
UGRI0(I4.<»>.J6RI0(I5«5).J0RlU(I6.6).JGRID(I7.7)>JGRIU(ia.ü) 
FORMAT (U, 15, 4X. 2(416.6X) ) 
CONTINUE -.. — _. 
CALL TRIALS 
END    ..     _        . _.. -   __     . 

00/00 
00710 
00720 
00730 
00740 
00 750 
C0760 
00770 
00780 
007V0 
VCHOQ 
00810 
00820 
00830 
00840 
00850 
00860 
oosro 
00880 
00890 
00900 
00910 
00920 
00930 
00940 
00950 
00960 
00970 
00980 
00990 
01000 
01010 
01020 
01030 
01040 
01050 
01060 
01070 
01080 
01090 
01100 
OHIO 
01120 
01130 
01140 
01150 
01160 

In addition, ATACM2 uses s    .outines 

BATTLE 
BETAS 
ERR 
ISTATE 
PRNTIN 
TRIALS 
PKILLS 

all of which are listed under ATACM1. 
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Variable 

ABAFdJ.k) 

ALPHA 

ATTK 

BETAl-J) 

BMIN(1) 

BOBJ 

BTFP 

CASFÜA) 

CASO(k) 

CHECK 

CHECKS 

CHECKR 

CNPÜ.k) 

PAB-249 

TABI.i: B-3 

VARIABLES MOST FREQUENTLY USED 
IN ATACM1 AND A'rACM2 

Subroutine or 
COMMON 

INPUT 

GAMES 

BATTLE 

INTERP 

GAMES 

I NIT 
TRIALS 

BATTLE 

INPUT 

BATTLE 

GAMES 

GAMES 

GAMES 

BPARM 

Description 

Fraction of type ) aircraft on side k assigned to 
the 1th mission which is» vulnerable to airbase 
attack. 

Coefficient used in the linear Interpolation 
algorithm to weight the objective function value 
corresponding to that point in the state space 
currently being examined. 

Number of ABA sorties flown against the opponent's 
airbase during the current one-cycle battle. 

Weights used to linearly interpolate an objective 
function value for a point lying between two 
adjacent grid levels in dimension j.   BETA{1,j) Is 
the weight for the value corresponding to the 
lower level; BETA(2 ,j) the weight for the higher 
level. 

Minimum value in the ith row of the game matrix 
for the current state. 

Value of Blue's contribution to the objective 
function. 

Total ground firepower delivered by Blue during the 
current one-cycle battle. 

Firepower per CAS sortie for an aircraft of type j 
on side k. 

Total CAS firepower delivered by side k during the 
current one-cycle battle. 

Objective function value resulting from using spe- 
cified Blue/Red strategies for one stage followed 
by the use of optimal conservative strategies by 
both sides for all subsequent stages.   Used to 
compute MAXMIN/MINMAX bounds. 

Analogous to CHECK.   Used to compute Blue's 
optimal MAXMIN play. 

Analogous to CHECK.   Used to compute Red's 
optimal MINMAX play. 

Current number of planes of type j on side k. 
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TABLi: B-3 (Cont'd) 

I 

Variable 

CNPVO) 

DELTAÜ) 

DFPRED(],k) 

DIVFP(k) 

FEBA(l,j) 

FRACN 

FRATIO 

lARRAY(-) 

IB 

IBETA(-,j) 

IBH 

IBIT(i) 

IBL 

IBLURD(k) 

Subroutine or 
COMMON 

BATTLE 

I FARM 

'INPUT 

INPUT 

INPUT 

STRAT 

BATTLE 

WORK 

BPARM 

INTER? 

INIT 

IPARM 

INIT 

WORKN 

Description 

Current number of planes of typo j vulnerable to 
the opponent's airbaso attackers. 

Distance between adjacent "fine" grid levels in 
dimension ). 

Division firepower reduction produced by a CAS 
sortie flown by aircraft type j on side k. 

Firepower produced by a ground division of type k. 

ith coordinate of the Jth point in the set of points 
which define FEBA movement as a function of 
Blue/Red force ratios. 

Denominator of the minimum allocation fraction 
for the current aircraft type. 

Ratio of Blue ground firepower to Red ground fire- 
power for the current one-cycle battle. 

Work array used to store strategies, battle 
assessments, and MAXMIN/MINMAX plays and 
objective function values.   EQUIVALENCED to 

XARRAY. 

Index of the strategy employed by Blue in the 
current one-stage battle. 

Indices of grid levels lying on either side of an 
interpolation point in dimension j.   IBETA(l,j) is- 
one less than the subscript corresponding to the 
lower grid level; IBETA(2/J) is one less than the 
subscript corresponding to the higher. 

High bound on the range of stages over which 
the current Blue strategy can be played. 

Rightmost bit in the ith 7-blt byte of the word 
used to store the results of a one-stage battle 
assessment.   From left to right, bytes 1-4 are 
used to store levels of Blue aircraft of types l-4j 
bytes 5-8 levels of Red aircraft of types 1-4. 

Low bound on the range of stages over which the 
current Blue strategy can be played. 

Hollerith constant equal to "BLUE' 
"RED" if k=2. 

if k=l or 
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Variable 

IOQJF 

IOCBVB 

IOCBVR 

IOCEVB 

IOCEVR 

IOPTN(l) 

IPiALft.W 

IPNT(l) 

IPPNT(l) 

IPRINT(i) 

IR 

PAB-249 

TABLE B-3 (Cont'd) 

Subroutine or 
COMMON 

TRIALS 

WORKL 

WORKL 

WORKL 

WORKL 

TRIALS 

TRIALS 

SPARM 

TEMP 

INPUT 

BPARM 

IRA(-) WORKN 

IRHI(l) SimVL 

IRLO(i) SINTVL 

IRPLAY GAMES 

ISINTd.k) WORKN 

Description 

Rounded cumulative value of the objective function 
produced by playing optimal MAXMIN strategies 
against optimal MINMAX strategies during the 
current trial. 

Beginning location of the area used In XARRAY to 
store current-stage MAXMIN values for Blue. 

Beginning location of the area used in XARRAY to 
store current-stage MINMAX values for Red. 

End location of the area used in XARRAY to store 
current-stage MAXMIN values for Blue. 

End location of the area used in XARRAY to store 
current-stage MINMAX values for Red. 

Value of the ith print option specified on the 
current TRL\L card. 

Beginning location in XARRAY of the optimal alloca- 
tion fractions used by side k during stage t of the 
current trial war. 

Index of the 1th strategy for which an allocation 
fraction is not specified. 

Pointer indicaüng the dimension in the state 
space which corresponds to the ith aircraft type 
assigned. 

Value of the control parameter specified for the 
ith print option on the RUN card. 

Index of the strategy employed by Red In the 
current one-stage battle. 

Array of indices used in conjuction with the ran- 
dom access file TAPE2 . 

High bound on the range of Red strategies which 
can be played against the 1th strategy of Blue. 

Low bound on the range of Red strategies which 
can be played against the ith strategy of Blue. 

Index of Red's optimal MINMAX strategy. 

Latest stage for which the ith strategy available 
to side k is applicable. 
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TABLE B-3 (Cont'd) 

Variable 

JOCEVR 

JOPTN(l) 

JPRINT(l) 

IRA(-) 

JWORD 

KEVEL(0 

KEY(') 

KOCBG 

KOCBVB 

KOCBVR 

KOCEG 

KOCEVB 

KOCEVR 

LASTP 

LEVEL 

Subroutine or 
COMMON 

WORKL 

TRIALS 

ATACM2 

WORKN 

GAMES 
INIT 

INIT 

READIN 

WORKL 

WORKL 

WORKL 

WORKL 

WORKL 

WORK I 

INPUT 

GAMES 
INIT 

Uosolptlon 

End location of (ho area used In YARRAY to store 
next-stage MINMAX values for Red. 

Value of the ith print option specified on the 
previous TRIAL card. 

Value of the conticl parameter specified for the 
1th print option on the RUN card. 

Array of indices used in conjunction with the ran- 
dom access file TAPE3. 

Word containing "fine" grid-level Indices indi- 
cating the numbers of planes remaining after a 
one-stage battle. 

Array of "fine" grid-level indices Indicating the 
numbers of planes remaining after a one-stage 
battle. 

Array of valid card keys recognized by READIN. 

Beginning location of the area used in IARRAY to 
store numbers of: planes available after one-stage 
battle assessments. 

Beginning location of the area used In XARRAY to 
store interpolated current-stage MAXMIN values 
for Blue. 

Beginning location of the area used in XARRAY to 
store Interpolated cunsnt-stage MINMAX values 
for Red. 

End location of the area used in IARRAY to store 
numbers of planes available after one-stage 
battle assessments. 

End location of the area used in XARRAY to store 
interpolated current-stage MAXMIN values for 
Blue. 

End location of the area used in XARRAY to store 
interpolated current-stage MINMAX values for Red. 

Last stage thru which the current STRT card is 
applicable. 

Index of the "fine" grid-level corresponding to the 
numbers of planes remaining after a one-stage 
battle. 
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Variable 

LOCBG 

LOCBPB 

1^8-249 

TABLE B-3 (Cont'd) 

Subroutine 
COMMON 

WORKL 

WORKL 

or 
Description 

Beginning location of the area used in IARRAY to 
store objective function values resulting from 
one-stage battle assessments. 

Beginning location of the area used in IARRAY to 
store the indices of optimal MAXMIN plays for 
Blue. 

LOG B PR 

LOCBVB 

LOCBVR 

WORKL 

WORKL 

WORKL 

Beginning location of the area used in IARRAY to 
store the indices of optimal MINMAX plays for 
Red. 

Beginning location of the area used in XARRAY to 
store interpolated next-stage MAXMIN values 
for Blue. 

Beginning location of the area used in XARRAY to 
store interpolated next-stage MINMAX values 
for Red. 

■v 

LOCEG 

LOCEPB 

LOCEPR 

LOCEVB 

LOCEVR 

■LOCST(i,k) 

LOCWD 

LPTT 

LUNI 

LUNO 

WORKL 

WORKL 

WORKL 

WORKL 

WORKL 

WORKL 

INIT 

GAMES 

WORKN 

WORKN 

End location of the area used in IARRAY to store 
objective function values resulting from one-stage 
battle assessments. 

End location of the area used in IARRAY to store 
the indices of optimal MAXMIN plays for Blue. 

End location of the area used in IARRAY to store 
indices of optimal MINMAX plays for Red. 

End location of the area used in XARRAY to store 
Interpolated next-stage MAXMIN values for Blue. • 

End location of the area used in XARRAY to store 
interpolated next-stage MINMAX values for Red. 

Beginning location in XARRAY of the allocation 
fractions which define the 1th strategy of side k. 

Location within IARRAY where the results of the 
next one-stage battle will be stored. 

Total number of vertices on a "cube" in the state 
space.   Equals 2 raised to the NPTT power. 

Logical unit number of the primary input device 
(card reader).   In the current version LUNI=S. 

Logical unit number of the primary output device 
(line printer).   In the current version LUNO=6. 
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TABIX B-3 (Cont'd) 

Variable 

MALOC(-) 

MFRAC 

MISSN 

MMISS 

NBATLS 

Subro<itlno or 
COMMON 

INPUT 

SPARM 

STRAT 

SPARM 

MSLOC GAMES 
TRIALS 

MSTAGE TRIALS 

MSTORU) STRAT 

MVEC(-) ROUND 

NALOCd.j) INPUT 

TIMER 

NDAPST INPUT 

NDIVOO INPUT 

NFRACOA) INPUT 

NFSAMW INPUT 

NFULST (10 WORKN 

NGRIDÜ-V:) WORKN 

NINGAM WORKN 
GAMES 

NKEYS READIN 

Deacrtptton 

Input array used for tompoiary storage of STRT card 
parameters. 

Numerator of the fraction of aircraft unspecified 
on the current STRT card for the current aircraft 

type. 

Number of missions assigned to the current aircraft 

type. 

Number of missions assigned to the current aircraft 
type for which allocation fractions are not spec- 

ified . 

Number of the stage for which current calculations 

are being made. 

Number of stages specified on the current TRIAL 

card. 

Numerator of the allocation fraction for the 1th 
mission assigned to the current aircraft type. 

Array of grid-level Indices us.ed to compute the 
number of the corresponding state. 

Numerator of the allocation fraction specified on 
the current STRT card for the ith mission assigned 
to aircraft type J. 

Total number of battle evaluations required for each 
stage, state, and cycle. 

Number of cycles per stage. 

Number of ground divisions specified for side k. 

Denominator of the minimum allocation fraction 
specified for aircraft type j on side k. 

Number of forward bAMs specified for side k. 

Total number of strategies available to lidfl k. 

Number of grid-levels specified for aircraft type 

j on side k. 

Number of elements in each one-stage/one-state 

game matrix. 

Number of valid card keys recognized by RPADIN. 
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TABLE B-3 (Cont'd) 

Variable 

NMISS(j(k) 

NMISST(V.) 

NPNTS 

NPTT 

NSTOR(i) 

NT? 

Subroutine or 
COMMON 

WORKN 

WORKN 

TIMER 

GAMES 

NRSAM(k) INPUT 

NSHLW INPUT 

NSKIP TRIALS 

NSLOC GAMES 
TRIALS 

N STAGE INPUT 

NSTAT WORKN 

SPARM 

NSTRATOO WORKN 

NSTRTC 00 WORKN 

■NTARG BATTLE 

TIMER 

NTRIAL TRIALS 

NTYPEOc) WORKN 

NVEC(-) ROUND 

NWORK WORKN 

Description 

Number of missions usslgncd to aircraft type J 
on side k. 

Total number of nils:;ions assigned to all aircraft 
types on side k . 

Total number of vertices on a "cube" In the state 
space.   Equals 2 raised to the NTP power. 

Total number of aircraft types assigned to Blue 
and Red, 

Number of rear SAMs specified for side k. 

Number of aircraft shelters assigned to side k. 

Number of records to be skipped on TAPE7 and 
TAPES before reading optimal plays and values 
for the first stage of the current trial war. 

Number of the next stage for which calculations 
will be made.   Equals MSLOC + 1. 

Number of stages in the campaign. 

Total number of states for which optimal plays and 
objective function values are explicitly computed. 

Numerator of the allocation fraction specified for 
the 1th mission assigned to the current aircraft 
type. 

Total number of strategies available to side k. 

Number of STRT cards submitted for side k. 

Total number of planes vulnerable to the opponent's 
airbase attackers during the current one-cycle 
battle. 

Total number of aircraft types assigned to Blue 
and Red. 

Number of the current trial • 

Number of aircraft types specified for side k. 

Array of grid-level Indices used to compute the 
number of the corresponding state. 

Length, in words, of the array XARRAY. 

■v. 
B-56 
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TABLE B-3 (Cont'd) 

•■v. 

Variable 

OBJEC(k,i) 

OBJF 

OWGHT (1) 

PKMU.J.k) 

PKAAFSÜ.k) 

PKAARSÜA) 

PKADd.j.W 

PKADES(i,J.k) 

PKAEFSÜ.lt) 

PKAERS(J,k) 

PKBAd.J.k) 

PKBAFSd.k) 

PKBD(i,j,k) 

PKBDES(l,J,k) 

PKBEFSCj.k) 

Subroutine or 
COMMON 

BPARM 

TRIALS 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

Description. 

Contribution of side k to the value of the 1th 
objertive function f   (see Equation A-l). 

Value of the objective function for the current stage 
produced by playing the optimal MAXMIN strategy 
against iie optimal MINMAX strategy. 

Weight w   specified on the OWGHT card to be 
used as a1 multiplier on fj (see Equation A-l). 

Probability an alrbase attacker of type J on side k 
is killed by an opposing alrbase defender of type 1. 

Probability an alrbase attacker of type j on side k 
is killed by an opposing forward SAM. 

Probability an alrbase attacker of type j on side k 
is killed by an opposing rear SAM. 

Probability an alrbase defender of type j on side k 
is killed by an opposing alrbase attacker of type 

1. 

Probability an alrbase defender of type ] on side k 
is killed by an opposing alrbase attack escort 
of type i. 

Probability an alrbase attack escort of type J on 
side k is killed by an opposing forward SAM. 

Probability an alrbase attack escort of type J 
on side k is killed by an opposing rear SAM. 

Probability a battlefield attacker of type j on side 
k is killed by an opposing battlefield defender 
of type 1. 

Probability a battlefield attacker of type j on side 
k is killed by an opposing forward SAM. 

Probability a battlefield defender of type J on side 
k Is killed by an opposing battlefield attacker 
of type 1. 

Probability a battlefield defender of type j on side 
k is killed by an opposing battlefield attack escort 

of type 1. 

Probability a battlefield attack escort of type j on 
side k is killed by an opposing forward SAM. 
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Variable 

PKESAD(i,J,k) 

PKESBD(l,J(k) 

PKFAFS(J,W 

PKFSU.k.) 

PKNS(l,k) 

REMPO.W 

RFSAM(k) 

RMAXO) 

ROBJ 

RRSAM(k) 

PAU-2 49 

TAULi: 13-3 (Cont'd) 

Subroutine or 
COMMON 

INPUT 

INPUT 

INPUT 

INPUT 

INPUT 

PKRAFSÜA) INPUT 

PKRARSÜ.k) INPUT 

PKRSd.k) INPUT 

PKSHU.k) INPUT 

REIN(j,k.t) INPUT 

REINF(],k,t) INPUT 

BATTLE 

BATTLE 

GAMES 

INIT 
TRIALS 

BATTLE 

Dosciiptlon 

Probability an alrbaco attack escort of type J on 
side k Is killed by an opposing airbaso defender 

of type i. 

Probability a battlefield attack escort of type J 
on side k is killed by an opposing battlefield 
defender of type 1. 

Probability a forward SAM attacker of type j on 
side k is killed by an opposing forward SAM. 

Probability a forward SAM on side k is killed by 
an opposing forward SAM attacker of type 1. 

Probability a vulnerable, non-sheltered aircraft 
on side k is killed by an opposing airbase 
attacker of type 1. 

Probability a rear SAM attacker of type ] on side 
k is killed by an opposing forward SAM. 

Probability a rear SAM attacker of type ] on side k 
is killed by an opposing rear SAM. 

Probability a rear SAM on side k is killed by an 
opposing rear SAM attacker of type 1. 

Probability a vulnerable, sheltered aircraft on 
side k is killed by an opposing airbase attacker 

of type 1. 

Number of reinforcement planes of type ] on side 
k introduced at the beginning of stage t. 

1.0 plus the fraction of reinforcement planes of 
type j on side k introduced at the beginning of 
stage t. 

Number of remaining planes of type j on side k 
after attrition. 

Number of undamaged forward SAMs on side k 
during the current one-cycle battle. 

Maximum value In the jth column of the game 
matrix for the current state. 

Value of Red's contribution to the objective 
function. 

Number of undamaged rear SAMs on side k during 
the current one-cycle battle. 

I 

< 

s^ 

B-58 

MMI»II-IMII ■^faian-iftiMili 



r , '-^mm wwmut ii    ^.^.^...B-11,.. |,,jui, ||      L   ii    BHiLiu i\imim    ,1.1    .■UU.UU.WI.U.IH! -"UIW 

Variable 

RTFP 

STRATSUA.J) 

TARG 

TARGN 

TARGS 

TCASO(k) 

TFIREOO 

TIMECOc) 

TIMEl(l) 

TMOVE 

TNNX 

TNP(i.k) 

TOBJF 

PAB-2'19 

TABLE B-3 (Cont'd) 

Subroutine or 
COMMON 

BATTLE 

WORK 

BATTLE 

BATTLE 

BATTLE 

BATTLE 

BATTLE 

TIMER 

TIMER 

BATTLE 

BATTLE 

BATTLE 

TRIALS 

Description 

Total ground firopowor dellvcrod by Rod during the 
current one-cycle battle. 

Allocation fraction in strategy k for the 1th mission 
assigned to aircraft type j.   STRATS rnükes tempo- 
rary use of part of the area occupied by XARRAY. 

Total number of planes vulnerable to the 
opponent's airbase attackers during the current 
one-cycle battle. 

Number of unsheltered planes vulnerable to the 
opponent's airbase attackers during the current 
one-cycle battle. 

Number of sheltered planes   vulnerable to the 
opponent's airbase attackers during the current 
one-cycle battle. 

Total CAS firepower delivered by side k during 
the current one-stage battle. 

Total ground firepower delivered by side k during 
the current one-cycle battle. 

Estimated CPU time required for the ith phase of 
calculations performed by ATACM1.   Phasös 
1,2, and 3 are SETUP, BATTLES, and GAMES 
respectively. 

Estimated I/O time required for the ith phase of 
calculations performed by ATACM1.   Phases 
1,2, and 3 are SETUP, BATTLES, and GAMES 
respectively. 

Total FEBA movement during the current one-stage 

battle. 

Total number of unsheltered aircraft not killed by 
opposing airbase attackers during the curren». 
one-cycle battle. 

Total number of sorties assigned to be flown by 
planes prosecuting mission 1 for side k during 
the one-cycle battle. 

Cumulative value of the objective function pro- 
duced by playing optimal MAXMIN strategies 
against optimal MINMAX strategies during the 
current trial. 
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TABLE B-3 (Cont'd) 

Variable 

TOTFP(k) 

TSNK 

TXOBIF(l) 

VALU(j,k) 

WGHT(t,k) 

WORKLZ(-) 

WORKNZ(«) 

WORKZ(0 

XARRAY(-) 

XATT 

XBETA(',j,k) 

XFSAM 

XGRID(i,j,k) 

XMOVE 

Subroutine or 
COMMON 

BATTLE 

BATTLE 

TRIALS 

INPUT 

INPUT 

WORKL 

WORKN 

WORK 

WORK 

BATTLE 

IPARM 

BATTLE 

INPUT 

BATTLE 

Description 

Total firepower delivered by side k during the 
current one-stage battle. 

Total number of sheltered aircraft not killed by 
opposing airbase attackers during the current 
one-cycle battle. 

Cumulative value of objective function 1 produced 
by playing the optimal MAXMIN strategy against 
the optimal MIN MAX strategy during the current 

trial. 

Residual value of an undamaged plane of type J 
available to side k at the end of the war. 

Value of weight b  if k=l or r  if k=2 as specified 
on the WGHT card (see Equations A-3 thru A-5). 

Single array EQUIVALENCED to COMMON block 

WORKL. 

Single array EQUIVALENCED to COMMON block 

WORKN. 

Single array EQUIVALENCED to COMMON block 

WORK, 

Work array used to store strategies, battle 
assessments, and MAXMIN/MINMAX plays and 
objective function values.   EQUIVALENCED to 

IARRAY. 

Number of attack sorties during the current phase 
of the one-cycle battle. 

Weights used to linearly interpolate an objective 
function value for the kth "fine" grid-level lying 
between two adjacent grid-levels in dimension J. 
XBETA(I,j,k) is the weight for the value corres- 
ponding to the lower level, XBETA(2,j,k) the 
weight for the higher level. 

Number of forward SAMs available to the defend- 
ing side during the current one-cycle battle. 

1th grid-level assigned to aircraft type J on side 

k. 

FEBA movement during the current one-cycle battle. 
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Variable 

XNENG 

XNPUJ.k) 

PAB-2 49 

TABLE B-3 (Cont'd) 

Subroutine or 
CjjMMON 

BATTLE 

BPARM 

XOBTF(l,t) TRIALS 

KOPP BATTLE 

XRSAM BATTLE 

XSORT(i,J.k) INPUT 

Description 

Number of one-on-one engagements between 
attackers and opponents during the current 
phase of a one-cycle battle. 

Number of succ ssful sorties flown by planes of 
type j prosecuting mission i for side k during the 
current one-cycle battle. 

Value of objective function i produced by playing 
the optimal MAXMIN sUategy against the optimal 
MINMAX strategy during stage t. 

Number of sorties opposing the attackers during 
the current phase of the one-cycle battle. 

Number of rear SAMs available to the defending 
side during the current one-cycle battle. 

Sortie rate for aircraft of type j on side k assigned 
to the ith mission. 
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